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Executive Summary

Historically, about one-third of all energy consumed in the United Stales has been used by manufacturers. 
About one-quarter of manufacturing energy is used as feedstocks and raw material inputs that arc convened 
into noncncrgy products; the remainder is used for its energy content. During 1988, the most recent year for 
which data are available, manufacturers consumed 15.5 quadrillion British thermal units (Btu) of energy to 
produce heat and power and to generate electricity. The manufacturing sector also has widespread capabilities 
to switch from one fuel to another for cither economic or emergency reasons.

Figure ES1: Manufacturers' Discretionary Consumption 
Ranges Resulting from Fuel-Switching 
Capability, 1988

T.O

L

There are numerous ways to define fuel 
switching. Foi the purposes of the 
Manufacturing Energy Consumption 
Survey (MECS), fuel switching is de 
fined as the capability to substitute one 
energy source for another within 30 
da>-s with no significant modifications 
to the fuel-consuming equipment, while 
keeping production constant

Fuel-switching rapability allows manu 
facturers substantial flexibility in choos 
ing their mix of energy sources. The 
consumption of a given energy source 
can be maximized if all possible switch- 
ing into that energy source takes place. 
At the other extreme, consumption can 
be minimized if all possible switching 
away from that energy source takes 
place. The range defined by these two 
limits represents the discretionary 
consumption of an energy source re 
sulting from fuel-switching capability. 
Actual consumption lies within that 
discretionary range. (Sec Figure El.) 
A preference for a given energy source 
is indicated when its actual consump 
tion approaches its maximum consumption potential. Conversely, a preference for alternative energy sources 
is indicated when actual consumption approaches its minimum required level. In 1988, coal and coke were 
used whenever possible, whereas distillate fuel oil and liquefied petroleum gases (LPG) were seldom used as 
fuels when manufacturers had a choice.

Manufacturers could have reduced domestic oil consumption by only I percent by switching fuels

In 1988, manufacturers consumed an average of 3.7 million barrels per day of petroleum-based energy sources. 
Of that amount, 2.2 million barrels per day were consumed as a feedstock or raw material input. With the 
exception of some switching between petroleum-based and natural gas-based LPG, switching of feedstocks and 
raw material inputs is ordinarily not feasible. In the MECS, natural gas- and petroleum-based LPG arc treated 
as a single product class. Another 1.1 million barrels per day were refinery products still gas and petroleum 
coke lhat were consumed in the normal course of refinery operations. Only the relatively small remainder, 
428 thousand barrels per day, or 6 pereni of manufacturers' total energy consumption, were petroleum fuels 
consumed by choice, for which the concept of fuel-switching capability is applicable. A significant part of that 
fuel use 181 thousand barrels per day could have been replaced by nonpctrolcum fuels (Table ESI). Howcv. 
er, it would haw been necessary for manufacturers to have exercised all possible fuel-switching capabilities out
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of petroleum-based fuels. As a result, manufacturers are severely limited in the extent to which they cam 
reduce total U.S. dependence on petroleum-based energy sources. In 1988, total petroleum products supplied 
for domestic consumption was 17.3 million barrels per day. Manufacturers could have reduced that consump 
tion by only one percent by exercising all fuel-switching capabilities out of petroleum-based fuels to alternative 
fuels such as natural gas and coal.

Table ES1: Petroleum-Based Fuel Consumption Switchable to Nonpetroleum-Based Alternatives 
by Manufacturers, 1988
(Thousand Barrels per Day)

Description

Total Actual Consumption 
Quantity Switchable to Non 

petroleum-Based Alternatives . 
Alternative Fuels: 

Natural Gas ..............
Purchased Electricity ........
Coal and Coke ............
Other Nonpetroleum Fuels . . . 
Total ....................

Distillate Fuel 
Oil

101 

22 

18
2
1
1 

22

Residual Fuel 
Oil

248 

121 

100
6
9
6 

121

Liquefied 
Petroleum 

Gas

80 

a38 

35
2
1
2

40

Total Petro 
leum

428 

181 

153

11
10 

184

thirty-eight thousand barrels per day represents the part of LPG consumption that uould have been switched to nonpetroleum 
alternate fuels. The sum of the amounts of LPG switchable to individual alternative fuels (40 thousand barrels per day) exceeds this 
amount due to overlapping replacement capability to two or more alternative fuels at some establishments.

Note: Totals may not equal surne of components because of independent founding.
Source: Energy Information Administration

Manufacturers minimize consumption of petroleum-based fuels

In 1988, manufacturers' consumption of petroleum-based fuels was insignificant compared to what it could 
have been. The consumption of residual fuel oil, for example, was 2,48 thousand barrels per day. The 
consumption of LPG as a fuel and distillate fuel oil was 80 and 101 thousand barrels per day, respectively, 
Those low levels of consumption existed because manufacturers have the ability to switch fuels. Manufacturers 
could have increased the consumption of residual oil to 726 thousand barrels per day by switching away from 
other energy sources such as natural gas. Similarly, they could have increased the consumption of distillate 
and LPG to 671 and 681 thousand barrels per day, respectively.

Manufacturers have limited opportunities to further reduce the consumption of petroleum-based fuels

Even though manufacturers could have substantially increased their consumption of petroleum-based energy 
sources by implementing their fuel-switching capabilities, they had limited opportunities to further decrease 
their consumption of those petroleum-based energy sources. Manufacturers have certain minimum required 
levels of consumption for most energy sources. Those levels result from the inability of a manufacturer to 
consume an alternative energy source even in an emergency situation. These minimum requirements can result 
from the inability to obtain an alternative energy source, limitations of the energy-consuming equipment, 
process requirements, and environmental restrictions. Of the three petroleum-based fuels, residual fuel oil 
had the greatest potential to be replaced by nonpetroleum-based energy sources. By instituting all possible 
nonpetroleum substitutions for residual fuel oil, its consumption could have been reduced from 248 to 12"! 
thousand barrels per day. Similarly, the actual consumption of LPG could have been reduced from 80 to 42 
thousand barrels per day, and distillate, from 101 to 79 thousand barrels per day.

Mil Energy Information Administration/Manufacturing Fuel-Switching Capability 1988



Natural gas is the fuel (if choke by

In 1988, manufacturers consumed 5,141 billion cubic feet (Bcf) of natural gas, and it met 34 percent of their 
total energy requirements to produce heat and power and to generate electricity. By exercising all possible 
switching opportunities into natural gas, consumption could have been increased to 5,840 Bcf, and increase 
of 14 percent. Conversely, by exercising all possible switching opportunities away from natural gas, Its 
consumption could have been reduced to 3,133 Bcf, a decrease of 39 percent. Thus, while there were some 
opportunities to consume additional natural gas, there were ample opportunities to have reduced its 
consumption, had manufacturers chosen to do so.

Price differences acccmaf&r manufacturers* reluctance to constmie distillate er LPG In of natural gas

Had manufacturers chosen to replace natural gas with an alternative energy source, the primary replacements 
would have been distillate and residual fuel oil and LPG. However, there was very limited economic incentive 
to replace natural gas with either distillate fuel oil or LPG. la 1988, the average price to manufacturers of 
natural gas was $2.52 per million British thermal units (Btu). The average prices of distillate and LPG were 
$4.66 and $5.27 per million Btu, respectively.

Manufacturers chose natural gas ova- oil apparently favorable price incentives

Nationally, the average 1988 price of residual oil to manufacturers was $2.50 per million Btu, nearly equal to 
the price of natural gas. However, the price of natural gas varied substantially by geographic region, while the 
price of residual oil remained fairly constant. In the Northeast Census Region, for example, the prices per 
million Btu were $2.66 for residual oil and $3.31 for natural gas. Similar price relationships were found in 
the Midwest and West Census Regions. Only in the South Census Region was the average price of natural 
gas less than the average price of residual fuel oil- $2.17 versus $2.37 per million Btu. In all regions, however, 
natural gas was decidedly the preferred energy source. There are several possible reasons why manufacturers 
did not switch from natural gas to the less expensive residual oil. First, in spite of the fact that the price of 
residual oil may be less than the price of natural gas, residual may be more expensive to burn because it must 
be preheated to reduce its viscosity. Second, environmental regulations may limit the quantities of residual 
that can be consumed. Third, because of flexible natural gas pricing, large consumers often receive a reduction 
in gas rates without having to switch to the alternative energy source.

Few opportunities exist to wiih an alternative

Electricity was the second most popular energy source consumed by manufacturers in 1988. Total receipts 
were 728 billion kilowatthours (kWh), which accounted for 16 percent of manufacturers' total input energy 
requirement. Manufacturers had very little flexibility in choosing how much electricity they could have 
consumed. By exercising all possible opportunities to replace electricity with an alternative energy source, 
consumption could have been reduced to 716 billion kWh. Replacing other energy sources with electricity 
could have increased consumption to 771 billion kWh.

Manufacturers maximize of coke and coal by 90 as a fuel

Manufacturers' 1988 consumption of coal and coke as an input fuel was 90 million short tons. These energy 
sources accounted for 13 percent of manufacturers' demand for energy to produce heat and power and to 
generate electricity. The consumption of coal and coke was close to its maximum, given the levels of 
production in 1988. Implementing a!! feel-switching capabilities from other energy sources to coal and coke 
could have increased consumption to only 96 million short tons. Conversely, manufacturers could have 
reduced the consumption of coal and coke to 64 million short tons by exercising all possible opportunities to 
burn alternative energy sources.

Energy Information Administration/Manufacturing Fuel-Switching Capability 1833





1. introduction

This report, Manufacturing Fuel-Switching Capability 1988, has been prepared by the Energy End Use 
Division, Office of Energy Markets and End Use, Energy Information Administration (EIA).

The EIA is mandated by Congress to be the agency within the Department of Energy that collects, analyzes, and 
disseminates impartial, comprehensive data about energy how much is produced, who uses it. and the purposes for 
which it is used. To comply with that Congressional mandate, the EIA collects energy data from a wide variety of 
sources covering a range of topics. 1

The estimates in this report are based on data collected p  - ..--.,- - .,_,_.....,............ . ..... ... , ... .

on the 1988 Manufacturing Energy Consumption l;|& A Guide to tt!0;S:Wes In this Report i
Survey (MECS), Forms 846 (A through C). The EIA t|«|: ,.'- - - ; |f" i

and MaximlflJi 
if|."Consumption RequirSments . . . Table 1 
;;;|;Jgitching CapabilitieS&v 
ilSEScDiri Specific EnergglSources . Tables 2-7 
f|';li|3time to Switch .;|-. ....... Tables 8-14
(llftlative Standard ;Eriirs. ...... Tables 15-28

conducts this national sample survey of manufacturing
energy consumption on a triennial basis. The MECS is
the only comprehensive source of national-level data on
energy-related information for the manufacturing
industries. The MECS was first conducted in 1986 to
collect data for 1985. This report presents information
on the fuel-switching capabilities of manufacturers in
1988. This report is the second of a series based on
the 1988 MECS. The first report, Manufacturing
Energy Consumption Survey: Consumption of Energy 1988, presented a comprehensive description of
energy consumption by manufacturers. 2 A future report will present an analysis of changes in energy efficiency.
The EIA also conducts energy consumption surveys in the residential, residential transportation, and commercial
buildings sectors.

The MECS is conducted by the EIA under the authority of the Federal Energy Administration Act of 1974, Public 
Law 93-275, as amended, and Section 205 of the Department of Energy Organization Act, Public Law 95-91, as 
amended by Section 3102 of the Omnibus Budget Reconciliation Act of 1986, Public Law 99-509.

The Industry Division of the Bureau of the Census serves as EIA's data collecting and compiling agent for the 
MECS. All data reported to the Bureau of the Census are confidential under the provisions of Section 9, Title 13, 
of the U.S. Code.

The EIA gratefully acknowledges the cooperation of the respondents in supplying the information used to produce 
the estimates in this report.

'The EIA conducts numerous energy-related surveys. In general, these surveys can be divided into two broad groups. One group of surveys 
is directed to the suppliers and marketers of specific energy sources. These surveys measure the quantities of specific fuels produced and/or 
supplied to the market. These types of surveys are called supply surveys. The results of these supply surveys are combined and published in 
the Monthly Energy Review, and other EIA publications. The second group gathers information on the types of energy used by the end users 
of energy along with the characteristics of those end users that can be associated with energy use. The MECS belongs to the consumption survey 
group because it collects information directly from the end-users the manufacturing establishments. There are important differences between 
the supply and consumption surveys that need to be taken into account in any analysis that uses both data sources. For information on these 
differences, see Energy Information Administration, Energy Consumption by End-Use Sector, A Comparison of Measures by Consumption and 
Supply Surveys, DOE/EIA-0533 (Washington, DC, April 6, 1990). Appendix C of this report also includes a summary of the differences for the 
industrial/manufacturing sectors.

2Energy Information Administration, Manufacturing Energy Consumption Surrey: Consumption of Energy 1988. DOE/EIA- 
0512(88) (Washington, DC, May 1991).
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2. Surveying the

The of the 1988

The manufacturing division3 of the U.S. economy produces final products that consumers purchase, such as 
automobiles and household furniture, as well as intermediate products such as automobile engines and 
upholstery fabric that are used by other manufacturers to produce other final or intermediate products. The 
division is composed of approximately 350,000 establishments.

A manufacturing establishment is generally at a 
single physical location and is often called a plant, 
factory, or mill. Manufacturing establishments use 
mechanical or chemical processes to transform input 
materials or substances into new products. They 
ordinarily use power-driven machines and equipment 
for handling materials. A manufacturing establish 
ment may also assemble components or perform 
blending operations. Electric utilities, mining 
operations, agriculture, forestry and fishery opera 
tions, and construction are not included in the 
manufacturing division.

The Sample Design

The estimates in this report are based on data 
collected from a carefully designed sample of ap 
proximately 12,000 manufacturing establishments. 
The major component of the MECS sample is a 
subset of the sample for the Annual Survey of 
Manufactures (ASM) conducted by the Bureau of 
the Census." The MECS sample was specifically 
designed to produce high-quality estimates of energy 
consumption, fuel-switching capability, and related 
information for industry categories within the 
manufacturing division.

The industrial categories in the MECS sample conform to the 1987 Standard Industrial Classification (SIC) 
system developed by the Office of Management and Budget.5 That classification system underlies all 
establishment-based Federal statistics classified by industry. The SIC system is used to promote the 
comparability of establishment data describing various facets of the U.S. economy.

The SIC system covers the entire field of economic activities and defines industries in accordance with the 
composition and structure of the economy. The SIC is a hierarchical classification system in which each level 
contains increasingly homogeneous categories of industrial activities. The levels of classification in the SIC

*rhe manufacturing division is one of four divisions comprising the industrial sector of the U.S. economy as defined by the Energy 
Information Administration. The other three divisions in this sector are agriculture, forestry, and fishing; mining; and construction. 

^ Appendix A contains a detailed discussion of the procedures followed to select the MECS sample. 
Office of Management and Budget, Standard Industrial Classification Manual, 1987 (Washington, DC, 1987).

Energy Information Administration/Manufacturing Fuel-Switching Capability 3



system are: division, major group, industry group, and industry. The manufacturing division contains 20 major 
groups (SIC 20 through 39).

Manufacturing establishments are classified into industries based on the value of production of specific 
products. If an establishment produces more than one type of product, it is classified according to the value 
of production of its primary product. For example, an establishment that is primarily engaged in 
manufacturing paper from wood pulp, and also manufactures paperboard, is classified in the Paper Mills 
Industry (SIC 2621). It would not be classified in the Paperboard Mills Industry (SIC 2631).

The population of manufacturing establishments was stratified into 30 industry categories to select the MECS 
sample. These categories are the 20 major manufacturing groups (two-digit SIC) and the 10 specific 
manufacturing industries (four-digit SIC) that historically have consumed the largest amounts of energy.6 That 
stratification scheme helps to ensure that the characteristics of an industry category are properly represented 
by the sample. Stratification also helps to control the sampling error, which is present in all sample survey:;. 7

Defining Fuel-Switching Capability

One way in which energy consumers can adapt to changes in economic conditions, energy supply disruptions, 
and other constraints on energy use is by having the capability to use more than one fuel to meet their energy 
needs. For example, a household with a central furnace may also have a wood stove that can assume part or 
all of the heating load for the house. Hospitals commonly have emergency backup generators that are used 
to provide electricity during a power outage.

The capability to substitute one energy source for another is especially prevalent in manufacturing. Some 
manufacturers use combustors that are able to burn two or more different fuels simultaneously, in varying 
mixtures, to produce the desired heat output. Others have equipment that can burn only one fuel at a time, 
but that can easily be converted. Still other establishments have multiple combustors that use different fuels 
to supply heat or power for the same purpose. Ordinarily, not all combustors are required to operate at full 
capacity to meet heat and power requirements. Thus, these establishments can alter their energy mix by 
changing the combustors that are in use.

The MECS measures the short -term capability of manufacturing establishments to have used alternative energy 
sources in place of those actually consumed in 1988 to meet requirements for heat and power, while keeping 
production constant. Specifically, manufacturers must have operated combustors (boilers, furnaces, ovens, and 
so on) that had the machinery or equipment in place or available for installation in 1988 so that substitutions 
actually could have been introduced within 30 days of a decision to switch without extensive equipment 
modifications. Fuel-switching capability could have resulted from the use of combustors that were already 
equipped to use alternative fuels, as well as the use of redundant or standby combustors.

As defined in the MECS, fuel-switching capability does not depend on the relative prices of energy sources. It 
depends only on the characteristics of the equipment and practical limitations to fuel-switching such as binding 
take-or-pay contracts with energy suppliers that were in place, and environmental regulations that limit the 
amounts of potential replacement energy sources that could have been consumed.8

'Appendix E contains descriptions of the 30 strata included in the MECS.
7See Appendix B for more: information on the quality of the estimates.
^ee Appendix A for a complete description of the concept of fuel-switching capability used in the MECS.
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Fuel-switching capability was determined for six 
major energy sources: electricity receipts,9 natural 
gas, distillate fuel oil, residual fuel oil, liquefied 
petroleum gases (LPG), and coal and coke com 
bined. For each of these energy sources, switching 
capability was measured relative to the estimates of 
the total 1988 inputs of that energy source for heat, 
power, and the generation of electricity. 10 For each 
input energy source, respondents were asked to 
estimate how much of the quantity consumed could 
not have been replaced by any other energy source in 
1988, even given a severe curtailment of that energy 
source. 11 The difference between the quantity 
consumed and the quantity nonswitchable represents 
the quantity of each energy source that could have 
been replaced by at least one other energy source. 
Respondents were then asked to estimate how much 
of the total replaceable quantity of a given energy 
source could have been replaced by specific alterna 
tive energy sources.

Measures of Fuel-Switching
Capability

Manufacturers' capability to replace one energy 
source by alternative energy sources permits flexibili 
ty in choosing how much of a given energy source 
can be consumed to maintain a given level of 
production. The tables in this report are designed 
to answer basic questions about the overall capabili 
ties of manufacturers to have switched energy 
sources in 1988.

  2 million 
Of that

; feet were consumed in 
were nbt switchable 

i would change the tint 
Hit, rendering the products 

^e|i|jiip||iig natural   gas., was con- 
--^w&i**^---- run- at IQQ percent

percent of the steam 
boiler could burn

:g^:;p|||i||!al fuel oil and; the switch 
could nave taken

million cubic feet of 
replaced % residual--

jjlimfecturing. Plant operated 
fjIgSage of 50 percent of its 
Ipiflat bqiier;-:prcwided the 

|lfe steam re^iiirernent of 
||jp;:;environiiieittaj; or other 

[||:boiter from"running at 
|igty. the cdaisfired boiler 
||5ercent of the steam re- 

||afa the naieratr gas-fired 
i|iuced to two-thirds of its 
island cubic feet of natural 
iiGHH cubic feet) could have

What is the minimum (maximum) consumption of 
an energy source that could have resulted from 
fuel switching?

The consumption of a given energy source can be minimized if all possible switching from that energy source 
takes place (including replacing a petroleum-based energy source by another petroleum-based energy source). 
In other words, all manufacturers that have the capability to replace the energy source with alternatives must 
do so to the maximum possible extent. For the MECS, the minimum required consumption of an energy 
source is estimated from the respondent provided value of "quantity nonswitchable." (See line 2 of section 
III of the MECS questionnaire in Appendix D). At the other extreme, there is a maximum consumption

TThe estimate of electricity receipts represents those quantities of electricity that were produced offsite and available onsite for 
consumption. The estimate does not include electricity generated onsite nor has it been adjusted to account for any quantities that might 
have been resold or transferred to another establishment.

10A comprehensive description of energy consumption in manufacturing needs to reflect two different concepts of energy demand. 
The MECS' measure of total inputs for heat, power, and electricity generation represents an unduplicated "final use" accounting of energy 
used for its heat content, and is the appropriate measure on which to base estimates of fuel-switching capability. The other measure of 
energy consumption is total primary consumption for all purposes. That measure represents the total requirement for energy sources, 
whether or not they are used for their energy content. See Energy Information Administration, Manufacturing Energy Consumption Survey: 
Consumption of Energy 1988, Appendix A for more details on the measures of consumption.

uSee Appendix D for copies of the MECS questionnaires.
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potential for each energy source. Maximum consumption potential represents the quantity of a given energy 
source that would have been required if all possible switching into that energy source had taken place12. The 
difference between the minimum consumption requirements and maximum consumption potential represents 
the discretionary range within which actual consumption lies. The estimates of actual consumption, 
nonswitchable minimum requirements, and maximum consumption potential are shown in Table 1 of this 
report. Those estimates are presented for the total United States and each of the four census regions. 13

One of the more interesting summary statistics that can be developed from the estimates of minimum required 
consumption, actual consumption, and maximum consumption potential is the discretionary use rate. The 
discretionary use rate is a measure (in percent) of the extent to which manufacturers elected to consume 
discretionary quantities of a. given energy source. If manufacturers had chosen to minimize their consumption 
of a given energy source by using alternative energy sources whenever possible, the discretionary use rate 
would be zero percent. At the other extreme, if manufacturers had chosen to maximize the consumption of 
a given energy source using that energy source whenever possible, the discretionary use rate would be 100 
percent. The rate is calculated as:

MAX - MIN)

where USE is the discretionary use rate of a given energy source, ACT is the actual consumption of that energy 
source, MIN is the minimum required consumption, and MAX is the maximum consumption potential. Thus, 
the discretionary use rate is a measure of how far (in percent) into the discretionary range of consumption 
manufacturers chose to go., given their fuel-switching capabilities and production levels of 1988.

What are the candidate replacement energy sources? What are their replacement capabilities?

The basic measure of fuel- switching capability is the ability to switch from a given energy source to one or 
more alternative energy sources. The capability to switch from each of the six major energy sources to specific 
alternative energy sources is presented in Tables 2 through 7. Each of these tables is expressed in the standard 
physical units of the designated energy source. For example, Table 2 presents information on the capability 
to switch from electricity to alternative energy sources. All of the values in that table are in millions of 
kilowatthours (kWh). Therefore, the estimates for specific alternative energy sources reflect the quantity of 
the designated energy source that could have been replaced by the specific alternative. Table 2 shows that 
electricity receipts by manufacturers were 728,168 million kWh. Of that amount, 11,264 million kWh could. 
have been replaced by one or more alternative energy sources. Natural gas could have replaced 8,372 million 
kWh, distillate fuel oil could have replaced 3,228 million kWh, and so on. Note that the sum (not shown) of 
the replacement quantities of alternative energy sources exceeds the total switchable quantity of a given energy 
source. In Table 2, for example, the sum of the alternative types of energy is 20,455 million kWh, while the 
total switchable quantity of electricity is only 11,264 million kWh. The difference between those two value;; 
is attributable to multiple switching capabilities, that is, more than one energy source could have been 
substituted for electricity. The estimates in Tables 2 through 7 are presented for the 30 industrial categories 
defined for the MECS, by census region, and by the value of shipments and employment size classes of the 
manufacturing establishments.

12The estimates o£ maximum consumption potential of a given energy source assume that all ascertained switching into that energy 
source could have simultaneously taken place. See Appendix A for more details. 

13See Appendix F for a map of the census regions.
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To what estfenf can petroleum-based energy sources be replaced by nonpefroleum-based energy sources?

It is possible to approximate the quantities of distillate fuel oil, residual fuel oil, or LPG that could have been 
replaced by nonpetroleum-based energy sources from the data presented in this report. Table 5, for example, 
shows that the actual consumption of residual fuel oil in 1988 was 90,413 thousand barrels and that 46,767 
thousand barrels were switchable to other energy sources. Natural gas could have replaced 36,611 thousand 
barrels. Electricity could have replaced 2,002 thousand barrels; coal and coke, 3,166 thousand barrels; and 
"other," 2,354 thousand barrels. The sum of these nonpetroleum-based alternative energy sources is 44,133 
thousand barrels. Thus, the consumption of residual fuel oil could have been reduced to 46,280 thousand 
barrels (90,413 minus 44,133) by utilizing all possible switching capabilities to nonpetroleum-based energy 
sources. Such estimates are approximations because of possible redundancies in the replacement capabilities 
of the nonpetroleum-based alternatives. Such redundancies would tend to overestimate the amount of a 
petroleum-based energy source that could be replaced by nonpetroleum-based energy sources. However, it 
would be expected that such redundancies would be relatively small and within sampling error (see below).

Wow quickly can an input energy source be replaced by alternative energy sources?

The MECS also collects data on the minimum lead time required to switch from each of the six input energy 
sources. These data break down the 30-day allowable switching period into three shorter periods: less than 
1 day, 1 day to 1 week, and more than 1 week but within 30 days. In a few cases, where the minimum lead 
time was not reported, the switchable consumption was assigned to the category "lead time not ascertained." 
Table 8 presents estimates of the total switchable quantities of the six major input sources (as reported in 
Tables 2 through 7) that could have been replaced within these time periods. For example, of the total 
switchable quantity of electricity (11,264 million kWh as reported in Table 2), 6,376 million kWh could have 
been replaced in less than one day by one or more alternative energy sources. Tables 9 through 14 present 
similar information for specific alternative energy sources. For example, Table 10 shows that of the 8,372 
million kWh of electricity that could have been replaced by natural gas, 5,336 million kWh could have been 
replaced in less than one day. Tables 9 through 14 also provide the time-to-switch estimates by census region.

How much error is associated the estimates of fuel-switching capability?

The estimates of fuel-switching capability are based on a national probability sample of manufacturing 
establishments. While this sample has been scientifically selected to provide reliable estimates, all sample- 
based surveys are subject to sampling error. 14 Tables 15 through 28 present the estimates of the relative 
standard errors (RSE) corresponding to the estimates in Tables 1 through 14. A RSE can be used to evaluate 
how precisely a given sample statistic estimates the corresponding population value. The larger the RSE, the 
less precise the estimate. For example, the sample estimate of the minimum consumption potential of natural 
gas for the United States is given as 3,133 billion cubic feet (Bcf) in Table 1. The corresponding RSE from 
Table 15 is 3 percent. Similarly, the estimate for the minimum consumption of natural gas in the Northeast 
Census Region is 249 Bcf, and the corresponding RSE is 6 percent. Thus, it may be concluded that the 
estimate for the Northeast Census Region is relatively less precise than the estimate for the total United 
States.

Confidence intervals can also be developed from an estimate and its associated RSE. A confidence interval 
is a range of values that has a known probability of containing the true, but unknown population value with 
repeated sampling. Prior to forming a confidence interval, the RSE must be converted to a standard error. 
The standard error for minimum estimate of natural gas consumption in the United States is 3 percent of 
3,313 Bcf, or 94 Bcf. The estimated value plus and minus two standard errors includes the true population 
value for about 95 percent of all samples. The 95 percent confidence interval for the minimum natural gas 
consumption is 3,313 plus and minus 188, or 2,945 to 3,321 Bcf.

MSee Appendix B for a more detailed discussion of sampling error.
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3. Overview of the Findings

In 1988, manufacturers consumed 15.5 quadrillion British thermal units (Btu) of energy to produce heat and 
power and to generate electricity. 15 Six energy sources provided 69 percent of that energy. The most widely 
consumed energy source was natural gas, which accounted for 34 percent of total input energy requirements. 
Electricity provided 16 percent and coal and coke, 13 percent. The major petroleum fuel products com 
bined residual and distillate fuel oil and liquefied petroleum gases (LPG)--accounted for only 6 percent. The 
remaining 31 percent consisted of miscellaneous energy sources including by-product fuels produced onsite 
from nonenergy materials. Manufacturers achieved this mix of energy sources by the everyday choices they 
made about the fuels they used. Given a different set of circumstances, manufacturers could have chosen to 
switch fuels, and the mix of energy sources could have been entirely different.

The Capability to Switch from Oil

Numerous recent events the crisis in heating oil markets, the Persian Gulf War, the 1990 amendments to the 
Clean Air Act, the 2Qth anniversary of Earth Day, the development of the National Energy Strategy have 
refocused America's attention on energy. Questions are being asked about the quantities of energy consumed 
by various sectors and how energy conservation measures could help reduce the dependency of those sectors 
on petroleum-based energy sources in general, and imported crude oil in particular.

The manufacturing sector consumed an average of 3.7 million barrels of petroleum-based energy products in 
1988. If manufacturers had exercised all possible fuel-switching capabilities from petroleum-based energy 
sources to nonpetroleum-based alternatives, that level of consumption could have been reduced by only 181 
thousand barrels per day, or 5 percent of their total petroleum-based energy products.

Petroleum Products Meet 43 Percent of U.S. Energy Requirements

In 1988, the total petroleum products supplied for domestic use averaged 17.3 million barrels per day 
(bbl/d). w Net imports of crude oil and petroleum products amounted to 6.7 million bbl/d, or 38 percent of 
the total products supplied. Finished motor gasoline accounted for the largest share of the supplied petroleum 
products 7.4 million bbl/d or 42 percent of the total. Distillate fuel oil (including diesel fuel) was second, 
with 3.1 million bbl/d (18 percent), followed by LPG, which accounted for 1.7 million bbl/d (10 percent). Jet 
fuels accounted for 1.4 million bbl/d (8 percent) and residual fuel oil, 1.4 million bbl/d (8 percent). The 
remaining 2.3 million bbl/d (14 percent) consisted of miscellaneous petroleum products such as asphalt and 
road oil, lubricants, naphthas, and so on.

In order to compare the consumption of petroleum products (normally measured in 42-galloa barrels) to other 
energy sources such as natural gas (normally measured in cubic feet), it is necessary to convert all energy 
sources to a common base. British thermal units measure heat content and is one such conversion. 17 The 
total heat content of the petroleum products supplied was 34.2 quadrillion Btu. 18 Gross energy consumption 
in the United States in 1988 was 80.2 quadrillion Btu. Thus, petroleum products provided 43 percent of total 
energy needs. Clearly, the United States is an oil-dependent Nation.

^Energy Information Administration, Manufacturing Energy Consumption Survey, Consumption of Energy 1988, Table 3.
"Energy Information Administration, Petroleum Supply Annual 1988, DOE/EIA-0340(88)/1 (Washington, DC, May 1989), Table 3.
1 A British thermal unit is the quantity of heat needed to raise the temperature of 1 pound on water by 1 degree Fahrenheit at or near 

39.2 degrees Fahrenheit.
18Energy Information Administration, Monthly Energy Review, DOE/EIA-0035(91/05) (Washington, DC, May 1991), Tables 2.2 through 

2.6.
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These petroleum products were consumed primarily by the transportation sector, which includes all public and 
private vehicles that move people and commodities. That sector alone accounted for 21.5 quadrillion Btu, or 
63 percent of the total consumption of petroleum products. These products consisted primarily of finished 
motor gasoline, jet fuel, diesel fuel, and lubricants.

The residential and commercial sector consumed 2.7 quadrillion Btu (8 percent) of petroleum products, and 
the electric utility sector, 1.6 quadrillion Btu (5 percent). The major energy sources consumed in these sectors 
were residual and distillate fuel oil. The industrial sector accounted for 8.6 quadrillion Btu or 25 percent. 
The industrial sector, as defined by E.IA, includes manufacturing, construction, mining, agriculture, fishing, and 
forestry establishments.

Manufacturers Can Affect Only the Fringes of U.S. 
Consumption of Petroleum Products Through 
Fuel Switching

In 1988, the manufacturing sector consumed an 
average of 3.7 million bbl/d of petroleum products 
(Figure 1) and accounted for about 20 percent of 
the total petroleum products supplied for domestic 
consumption. Of that total consumption, only 181 
thousand bbl/d could have been replaced by non- 
petroleum-based energy sources. These switchable 
energy sources were distillate and residual fuel oil 
and LPG consumed as a fuel. The total consump 
tion of these fuels was 428 thousand bbl/d.

The other petroleum products consumed by manu 
facturers consisted of still gas 19 and petroleum 
coke20 consumed as fuels, LPG consumed as a 
feedstock, and other petroleum-based energy 
sources principally crude oil consumed to produce final products21 . 
products cannot be replaced by nonpetroleum-based alternatives.22

Figure 1: Consumption of Petroleum-Based
Energy Sources by Manufacturers, 1983

Tofal I 988 Consumption: 3.57 Million Barrels per Doy

Other Petroleum-Based Input? 

  1.48 Million Bbl/d

Petroleum Coke 

0.27 Million Bbl/d

Residua Fuel Oil

Slill Sos 

0.81 Million Sbl/d

'$?:$ 0.25 Million Bbl/d

Dlsllllale .ruol Oil 

0.10 Million Bbl/d

LPG-Fuel 

C.08 Million 3bl/d

LPG-Feedstock 

0.67 Million 8b!/d

Source: 1988 Manufacturing Energy Consumption Survey, Energy 
Information Administration.

In general, these other petroleum

Thus, manufacturers are potentially able to reduce the total consumption of petroleum products in the United 
states by only 1 percent, arid even this would require exercising all possible opportunities to replace petroleum- 
based energy sources with nonpetroleum-based alternatives.

wStill gas also known as refinery gas is any mixture of gases produced in refineries by distillation, cracking, reforming, and other 
processes. The principal constituents are methane, ethane, ethylene, normal butane, butylene, propane, propylene, etc.

2l)Petroleum coke is a residue, the final product of the condensation process in cracking at petroleum refineries.
21Petroleum refineries produce numerous final products that are consumed by all sectors of the economy: asphalt, road oil, lubricating 

oil, petrochemical feedstocks such as naphtha and other oils, solvents, and waxes. These energy products are not recognized or accounted 
for as energy sources by their consumers and would not be reported as such in an energy consumption survey. Accordingly, the petroleum- 
based inputs to produce these products are shown as being consumed by petroleum refineries in the manufacturing sector. For more 
details, see Energy Information Administration, Manufacturing Energy Consumption Survey, Consumption of Energy 1988, Appendix A.

^Small quantities of marketable petroleum coke may be switchable to nonpetroleum-based alternatives. In addition, LPG may be 
extracted from natural gas or crude oil. For further discussion, see Energy Information Administration, Estimates ofShon-Term Petroleum 
Fuel Switching Capability, DOE/EIA-0526 (Washington, DC, May 1989), pp. 16-17.
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Manufacturers Minimize Consumption of Petroleum Fuel Products

At 428 thousand bbl/d, petroleum fuel products were the least-consumed energy sources by manufacturers. 
On an annual basis, that level of consumption is the equivalent of 0.9 quadrillion Btu and represented only 
6 percent of manufacturers' total input energy requirement. Moreover, there was little additional flexibility 
in manufacturers' capability to have substituted alternative energy sources for these petroleum-based fuels. 
There was, however, substantial capability to have increased their consumption.

Distillate Fuel Oil. In 1988, manufacturers consumed an average of 101 thousand bbl/d of distillate fuel oil, 
which accounted for 1 percent of total input energy. That consumption could have been increased to 671 
thousand bbl/d by exercising all possible switching options from other energy sources to distillate. There was 
very little opportunity to decrease the consumption of distillate fuel oil, however. By exercising all possible 
options to replace distillate fuel oil by any alternative energy sources (including other petroleum-based fuels), 
the consumption could have been reduced to 76 thousand bbl/d. Thus, manufacturers' discretionary use rate 
(see Chapter 2) of distillate was only 4 percent. That extremely low use rate indicates that manufacturers 
generally avoided consuming distillate fuel oil whenever possible.

Manufacturers could have reduced the consump 
tion of distillate fuel oil to an average of 79 thou 
sand bbl/d by switching to nonpetroleum-based 
energy sources only. The principal nonpetroleum- 
based alternative energy source for distillate fuel 
oil was natural gas, which could have replaced 18 
thousand bbl/d (Figure 2). Switching to natural 
gas from distillate fuel oil could have been accom 
plished rather quickly. Of the total switchable 
quantity of distillate to natural gas, 12 thousand 
bbl/d or 65 percent could have been switched in 
less than 1 day (Table 10). An additional 4 thou 
sand bbi/d of distillate fuel oil could have been 
replaced by electricity, coal and coke, and other 
miscellaneous nonpetroleum-based energy sources.

Figure 2: Alternative Energy Sources for Distillate 
Fuel Oil, 1988

Thousand Barrels per u-
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Liquefied Petroleum Gas. Manufacturers' consumption patterns for LPG as a fuel were similar to the patterns 
for distillate fuel oil. LPG consumption was 80 thousand bbl/d, or 1 percent of manufacturers' total input 
energy. That consumption could have been reduced to 42 thousand bbl/d by switching to any alternative 
energy source. The maximum consumption potential was 681 thousand bbl/d. The discretionary use rate for 
LPG was only 6 percent. As with distillate fuel oil, manufacturers generally consumed no more LPG as an 
input fuel than was necessary.

The minimum required consumption level of LPG 
could have been reached by switching to non- 
petroleum-based energy sources only. Natural gas, 
which could have replaced 35 thousand bbl/d of 
LPG, was the principal nonpetroleum-based 
alternative energy source (Figure 3). Switching 
from LPG to natural gas also could have been 
accomplished quickly. Of the total switchable 
quantity of LPG to natural gas, 24 thousand bbl/d 
or 68 percent could have been replaced in less 
than 1 day. An additional 4 thousand bbl/d of 
LPG could have been replaced by some combina 
tion of electricity, coal and coke, and other miscel 
laneous nonpetroleum-based energy sources.

Figure 3: Alternative Energy Sources for Liquefied 
Petroleum Gases, 1988
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Source: Table 7 ofA possible explanation for manufacturers' not 
replacing distillate fuel oil and LPG by less expen 
sive natural gas is that either distillate fuel oil or 
LPG was the preferred energy source for a variety of technical or logistical reasons.

Residual Fuel Oil. The consumption and fuel-switching patterns of residual fuel oil are somewhat different 
from distillate fuel oil and LPG. Manufacturers consumed an average of 248 thousand bbl/d of residual fuel 
oil in 1988 the highest rate of consumption of the petroleum fuel products. However, that level of con 
sumption accounted for only 4 percent of total input energy. Manufacturers could have reduced their 
consumption of residual fuel to a minimum level of 120 thousand bbl/d by exercising all possible options to 
consume other petroleum-based and nonpetroleum based alternative energy sources in place of residual oil 
Maximum possible consumption was 726 thousand bbl/d a level that could have been achieved by exercising 
all possible options to consume residual oil in place of other energy sources. The discretionary use rate for 
residual fuel oil was 21 percent. Even though that rate was considerably higher than the use rates for distillate 
fuel oil and LPG, it was still low enough to indicate a preference for other energy sources over residual fuel 
oil.

Manufacturers could have reduced the consump 
tion of residual fuel oil to an average of 127 thou 
sand bbl/d by switching to nonpetroleum-based 
energy sources only. The primary replacement 
energy source for residual fuel oil is natural gas, 
which, in 1988, could have replaced 100 thousand 
bbl/d (Figure 4). Sixty-seven percent of that 
replacement could have been accomplished in less 
than 1 day. An additional 21 thousand bbl/d of 
LPG could have been replaced by electricity, coal 
and coke, and other miscellaneous nonpetroleum- 
based energy sources.

Switching from residual fuel oil to either distillate 
fuel oil or LPG is not typically economically 
feasible because the price of residual oil is substan 
tially less than the prices of distillate oil and LPG.

Figure 4: Alternative Energy Sources for Residual 
Fuel Oil, 1988
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As a result, switching capability from residual oil to distillate or LPG is not as prevalent. Distillate oil could 
have replaced 16.1 million barrels of residual oil, and only 4.3 million barrels or 26 percent could have been 
replaced in less than 1 day. LPG could have replaced only 11.2 million barrels of residual oil and 5.0 million 
barrels or 45 percent could have been replaced within 1 day.

The Capability to Switch from Natural Gas

Natural Gas: The Fuel of Choice by Manufacturers

In 1988, manufacturers met 34 percent of their total 
input energy requirement by consuming 5,141 billion 
cubic feet (Bcf) of natural gas (Table 1). Manu 
facturers had limited additional capability to con 
sume natural gas in 1988. By exercising all possible 
fuel-switching options from other energy sources to 
natural gas, and by holding production constant at 
1988 levels, consumption could have been increased 
to no more than 5,840 Bcf, an increase of 14 per 
cent. Manufacturers could have decreased natural 
gas consumption by 39 percent to 3,133 Bcf and 
maintained their 1988 level of production by exercis 
ing all possible options to consume alternative 
energy sources in place of natural gas. Thus, manu 
facturers' discretionary range of natural gas con 
sumption was 2,707 Bcf, and their use rate within that range was 74 percent. In other words, manufacturers 
chose to consume 74 percent of their discretionary range of natural gas over and above the minimum required 
consumption. That relatively high use rate is an indication of manufacturers' preference for natural gas over 
other energy sources.

Figure 5: Alternative Energy Sources for Natural 
Gas, 1988
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Petroleum Products Are Primary Alternatives For 
Natural Gas

The primary replacement energy sources for 
natural gas are distillate and residual fuel oil and 
LPG (Figure 5). Individually, none of these energy 
sources could have decreased the consumption of 
natural gas to its minimum required level of 3,133 
Bcf. Distillate fuel oil could have replaced 888 
Bcf. Of that quantity, 353 Bcf or 40 percent could 
have been replaced in less than 1 day (Table 11). 
If manufacturers had chosen to consume the maxi 
mum amount of distillate fuel oil in place of 
natural gas, they would have had to increase their 
distillate consumption from 101 to 532 thousand 
bbl/d. There was, however, no price incentive to 
replace natural gas with distillate fuel oil, even 
though that capability existed in 1988. Nationally,
the price of natural gas was $2.52 per million Btu, while the price of distillate fuel oil was $4.66 per million 
Btu.23 The price of distillate fuel was uniformly higher than the price of natural gas in the four census re 
gions.
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Energy Information Administration, Manufacturing Energ/ Consumption Survey, Consumption of Energy 1988, Table 30.
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A similar situation existed for consuming LPG in place of natural gas. LPG could have replaced 670 Bcf of 
natural gas in 1988, of which 296 Bcf or 44 percent could have been replaced in less than 1 day (Table 14). 
The maximum replacement of natural gas by LPG would have required manufacturers to have increased their 
1988 LPG consumption from 80 thousand bbl/d to 606 thousand bbl/d. The average price of LPG in 1988 was 
$5.27 per million Btu. Again, there was no price incentive to replace natural gas with LPG.

Manufacturers Chose Natural Gas Over Residual Fuel Oil Despite Favorable Price Incentives

The decision not to replace natural gas by residual fuel oil is less clear, In 1988, 129.0 million barrels (an 
average of 353 thousand bbl/d) of residual fuel oil could have replaced 786 Bcf of natural gas 43 percent of 
that replacement could have been accomplished within 1 day (Table 12). Maximally replacing natural gas by 
residual fuel oil would have required manufacturers to have increased their consumption of residual from 248 
thousand bbl/d to 602 thousand bbl/d. Nationally, the price of residual fuel oil was $2.50 per million Btu, an 
estimated value that is not significantly different from the price of natural gas. Thus, nationally, there was 
little price incentive in favor of one energy source or the other. There were, however, wide geographic 
differences in the prices of these two energy sources, which add an interesting dimension to the decision not 
to switch from natural gas to residual fuel oil.

In the Northeast Census Region, the reported price of natural gas was $3.31 per million Btu, while the price 
of residual fuel oil was S2.66, yielding a gas-oil price ratio of 1.24. In the Midwest Census Region, the price,1 ; 
of natural gas and residual fuel oil were $2.89 and $2.45, respectively, with a price ratio of 1.18. The West 
Census Region presented a similar situation the price of residual fuel oil was $2.42 per million Btu, and 
natural gas, $2.82, with a price ratio of 1.17. Only in the South Census Region were the prices of these two 
energy sources reversed. Residual fuel oil was $2.37 per million Btu, and natural gas was $2.17, yielding a 
price ratio of 0.92.24 In the South Census Region, there was no price incentive to switch from natural gas 
to residual fuel oil. In the other three census regions, however, it would appear that the price incentive to 
switch was quite strong. According to the MECS, however, these three regions consumed 1,109 Bcf of natural 
gas, of which 451 Bcf could have been replaced by less expensive residual fuel oil in 1988.

The decision to switch energy sources is a complex issue and does not depend on price ratios alone. In the 
case of natural gas and residual fuel oil, for example, there is no commonly accepted price differential that will 
trigger a switch from one to the other. Data collected by the American Gas Association for the period 1980 
through 1986 indicate that approximately 40 percent of the survey respondents switched from natural gas to 
residual fuel oil at gas-oil price ratios of 1.05 or less and 60 percent switched at 1.10 or less. The remaining 
40 percent switched at ratios as high as 1.25.25 As pointed out by the Electric Power Research Institute 
(EPRI):

... for industrials, fuel is rarely a large share of their variable costs.... As a result, some industrials 

... place a higher value on reliability of supplies, contractual relationships and operational 
considerations. [Thus,] .... a higher price differential may be required for many industrials before 
they will actually switch to alternative fuels. 26

In addition, manufacturers frequently benefit from flexible pricing of natural gas. According to the EPRI:

2<)The primary reason for the geographic variability in the prices of residual fuel oil and natural gas is the cosl of transporting these 
energy sources to consumers. In the case of natural gas, prices reflect the cost of transportation from the wellhead to the consumer. 
During 1988, Texas and Louisiana produced 11.5 trillion cubic feet of natural gas, 64 percent of the Nation's total marketable production. 
The higher costs in areas outside of the south reflect the costs of pipeline transportation. See Energy Information Administration, Natural 
Gas Annual 1988, DOE/EIA-0131 (88)/l (Washington, DC, October 25,1989). The prices of residual fuel oil are also influenced by the 
cost of transportation. In general, the prices of fuel oils vary little in locations reachable by water transportation. However, transportation 
by truck or rail is more expensive than water transportation, and where these transportation modes are used, delivered oil prices are 
considerably higher. See Electric Power Research Institute, Fuel Switching and Gas Market Riste, Volume 1, EPRI P-6822(Palo Alto, CA, 
July 1990), p. 2-19.

^Cited in Electric Power Research Institute, Fuel Switching and Gas Market Bisks, Volume 1, p. 2-19.
Electric Power Research Institute, Fuel Switching and Gas Market Risks, Volume 1, p. '1-13.
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As a result of the incremental pricing provisions in the early 1980s, [natural gas local 
distribution companies] adopted flexible rates for industrial customers. Those1 flexible rates for 
some have become such a normal practice that an industrial firm will often a reduction in 
gas rates without actually having to switch to the alternative fuel....27

Therefore, ratios based on the average prices of natural gas and another energy source not accurately 
reflect the flexible pricing available to an individual consumer.

At least two other considerations enter into the decision to switch from natural gas to fuel oil. First, 
even though the price of residual oil is less than the price of natural gas in of the country, 
consuming residual oil may be more expensive than consuming gas. characteristic of fuel oils is 
viscosity the extent to which a liquid resists flowing. Residual fuel oils are high viscosity oils and must be 
preheated for satisfactory use. Such preheating, of course, increases the cost of consuming these oils. Second, 
the sulphur content of residual fuel oils may limit its use due to environmental restrictions,

Coal and Electricity as for Gas

Manufacturers could have replaced small quantities of natural gas with coal and and electricity in 1988. 
Coal and coke could have replaced 108 Bcf and electricity, 87 Bcf. The natural gas-coal price ratio was 1.47. 
In view of that favorable ratio, it is possible that manufacturers did not switch natural gas to coal for 
reasons similar to those underlying their reluctance to switch from natural gas to fuel oil. The natural 
gas-electricity price ratio, on the other hand, was 0.19, indicating that would be reluctant to 
switch to electricity except in emergency situations.

The Capability to and and
Minimal Switching Capability for

Electricity was the second most popular energy 
source consumed by manufacturers in 1988. Total 
receipts were 728.2 billion kilowatthours (kWh), 
which accounted for 16 percent of manufacturers* 
total input energy requirement.

As might be expected, the switching potential for 
electricity is quite limited because most equipment 
is not designed to consume either electricity or a 
combustible energy source. Most of the capability 
to replace electricity by combustible energy sources 
is in the form of redundant combustors that can be 
used in place of electricity-powered equivalents. Of 
the total receipts of electricity, only 11.3 billion 
kWh could have been replaced by alternative energy sources.

In 1988, the maximum consumption potential for electricity was 771.4 billion kWh, and the minimum required 
consumption was 716.9 billion kWh. The discretionary range for electricity receipts was, therefore, 54.5 billion 
kWh and the use rate within that range was 21 percent. The low use rate indicates a preference for other 
energy sources rather than electricity when such options are available. The dominant single replacement 
energy source for electricity was natural gas, which could have replaced 8.4 billion kWh (Figure 6). In 
addition, residual fuel oil could have replaced 4.6 billion kWh; fuel oil, 3.2 billion kWh; or LPG, 2.4 
billion kWh. Finally, coal and coke could have replaced 1.2 billion kWh of electricity.

• '' ''liteandv;:,;,;
life'. - : , -..
j||igtion*;::v;
liMptioa*......

 !«,...-: 

;: .-:-, ..... 16%
-:-;:;, TV 7 11,3
^ :.v-; v 716.9

. . . 771.4
-- "- fy\t%» '

,.:;;, $13.44

litKamiriistration

"Electric Power Research Institute, Fuel Swixhing and Gas Market Risks, Volume 1, p. 4-13.

Energy Information Administration/Manufacturing Switching 19S8 15



Any one of these alternative energy sources is substan 
tially less expensive than electricity. The electricity- 
natural gas price ratio, for example, was 5.33 in 1988. 
The question is, Why did manufacturers not switch to 
one or more of those less expensive energy sources? 
First, the quantities of electricity that could have been 
saved by switching to an alternative fuel were quite 
small. For a single manufacturing establishment, the 
savings would be minimal. Second, for certain applica 
tions, electricity may have been the preferred energy 
source, in spite of its higher price.

Coal and Coke Flanks Highest in Discretionary Use

The 1988 consumption of coal and coke by manu 
facturers was 90.0 million short tons (2.0 quadrillion 
Btu), and accounted for 13 percent of manufacturers' 
demand for input energy.

Manufacturers were quite limited in their ability to 
have consumed additional coal and coke during 1988. 
They could have increased consumption to only 96.2 
million short tons an increase of 7 percent by imple 
menting all possible switching opportunities from other 
energy sources to coal and coke. On the other hand, 
the minimum required consumption of coal and coke 
was 64.2 million short tons. Thus, the discretionary 
range for coal and coke was 32.0 million short tons, 
and manufacturers' use rate within that range was 80 
percent. A use rate of that level indicates manufac 
turers' strong preference for coal and coke over other 
energy sources where possible.

The primary replacement energy sources for coal and 
coke were natural gas and residual and distillate fuel 
oil. Natural gas could have replaced 16.8 million short 
tons of coal and coke, of which 8.7 million short tons 
(52 percent) of that replacement could have been 
accomplished in less than 1 day (Table 10). Residual 
fuel oil could have replaced 10.9 million short tons, of 
which 4.5 million short tons (41 percent) could have 
been switched in less than 1 day (Table 12). Distillate 
fuel oil could have replaced 7.8 million short tons. 
Only 2.7 thousand short tons (35 percent) could have 
been switched in less than 1 day (Table 11).

There was no price incentive to consume these alterna 
tive energy sources in place of coal and coke because 
the prices of the alternative energy sources were 
substantially higher than coal. For example, the price 
of coal was $1.72 per million Btu, while the price of 
natural gas the nearest competitor in terms of 
price was $2.52, resulting in a coal-natural gas price 
ratio of 0.68.

Figure 6: Alter native Energy Sources for 
Electricity, 1988

Quontities cf t ect'ici-y 
That Could 9e Replaced By 
Allernotive Energy Ssurces

Coa! and Coke At A Glance

Actual Consumption* . . . . . . . . . . . . .. 90.0
Percent of Input Energy Demand v. ... . 13%
Switchable Consumption* , . . . . ... . . 25.8
Minimum Required Consumption* .... 64.2
Maximum Possible Consumption* .... 96.2
Discretionary Use Rate . I, ..... . ... 80%
Average Price per Million Btu ..... . . . . . $1.72

* Million short tons

Source: Energy Information Administration

Figure 7: Alternative Energy Sources For Coal!
and Coke, 1988

Quantifies ol Cool and Coke 
That Could Be Replaced By 
Alternative Energy Sources

Restd. Disl. Elecl. Other 
Oil Oil
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Table 1 . Nonswitchabie Minimum Requirements and Maximum Consumption Potential by Census Region, 1988
(Physical Units)

Type of Energy Actual 
Consumption

Minimum 
Consumption3

Maximum 
Consumption6

Electricity Receipts0 (million kitowatthours) 
Natural Gas (billion cubic feet) .........
Distillate Fuel Oil (thousand barrels) .....
Residual Fuel Oil (thousand barrels).....
Coal and Coke (thousand short tons) ....
LPG (million gallons) ................

Electricity Receipts0 (million kitovratthours) 
Natural Gas (billion cubic feet) .........
Distillate Fuel Oil (thousand barrels) .....
Residual Fuel Oil (thousand barrels) .....
Coal and Coke (thousand short tons) ....
LPG (million gallons) ................

Electricity Receipts0 (million kilowatthours) 
Natural Gas (billion cubic feet) .........
Distillate Fuel Oil (thousand barrels) .....
Residual Fuel Oil (thousand barrels).....
Coal and Coke (thousand short tons) ....
LPG (million gallons) ................

Electricity Receipts0 (million kilowatthours) 
Natural Gas (billion cubic feel) .........
Distillate Fuel Oil (thousand barrels) .....
Residual Fuel Oil (thousand barrets).....
Coal and Coke (thousand short tons) ....
LPG (million gallons) ................

Electricity Receipts0 (million kilowatthours) 
Natural Gas (billion cubic feet) .........
Distillate Fuel Oil (thousand barrels) .....
Residual Fuel Oil (thousand barrels).....
Coal and Coke (thousand short tons) ....
LPG (million gallons) ................

Total United States

728,168
5,141

36,766
90,413
89,968

1,226

716,905
3,133

27,712
43,647
64,179

646

Northeast Census Region
99,264

490
11,906
35,685

8,471
W

97,971
249

8,966
21,717

6,451
123

Midwest Census Region
211,658

1,389
7,163

15,924
44,804

W

208,077
803

5,382
4,701

35,705
161

South Census Region
296,328

2,724
12,408
28,454

W
291

291,514
1,825
9,234

14,059
19,798

197

West Census Region
120,918

538
5,289

10,350
W

432

119,344
256

4,130
3,170
2,225

166

771,426
5,840

244,855
265,080

96,225
10,441

105,677
581

40,022
59,836

8,841
1,139

220,591
1,634

67,244
62,039
47,323

3,139

317,650
2,970

99,255
108,018
34,180

4,481

127,508
655

38,334
35,188

5,881
1,682

a Minimum consumption represents actual 1988 consumption decreased by the quantity of the designated type of energy that would no longer have been required if 
all ascertained switching from that type of energy had occurred. The minimum value includes the quantity of 1988 consumption for which switching capability was not 
ascertained.

b Maximum consumption represents actual 1988 consumption increased by the quantity of the designated type of energy that would have been required if all 
ascertained switching into that type of energy had occurred. This value assumes that all indicated substitutions were possible simultaneously and the substitutable 
amount consists of the sum of all possible switches to the designated type of energy. The estimate assumes that 1988 output remained constant.

0 "Electricity Receipts" represents those quantities of electricity generated off the manufacturing establishment site and available at the site for consumption. It 
includes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities for 
which payment was made in kind. It does not include electricity generated onsite. "Electricity Receipts" has not been adjusted to account for any quantities that might 
have been resold or transferred out. The estimates include those quantities that were ascertained switchable or not switchable, plus an additional quantity for which the 
switching status was not ascertained.

W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.
Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-846, "1988 Manufacturing Energy 

Consumption Survey."
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Table 2. Capability to Switch from Electricity to Alternative Energy Sources, 1988
(Million Kilowatthours)

Selected Characteristics

Electricity Receipts

Total 
Receipts" Switchable

Not 
Switchable

Alternative Types of Energy3

Natural 
Gas

Distillate 
Fuel Oil

Residual 
Fuel Oil

Coal and 
Coke LPG

SIC Industry Groups
Coded and Industry

20 Food and Kindred Products ............
21 Tobacco Products ...................
22 Textile Mill Products .................
23 Apparel and Other Textile Products ......
24 Lumber and Wood Products ...........
25 Furniture and Fixtures ................
26 Paper and Allied Products .............

2621 Paper Mills .......................
2631 Paperboard Mills ...................

27 Printing and Publishing ...............
28 Chemicals and Allied Products ..........

2819 Industrial Inorganic Chemicals, nee .....
2821 Plastics Materials and Resins .........
2869 Industrial Organic Chemicals, nee ......
2873 Nitrogenous Fertilizers ..............

29 Petroleum and Coal Products ..........
2911 Petroleum Refining .................

30 Rubber and Misc. Plastics Products ......
31 Leather and Leather Products ..........
32 Stone, Clay and Glass Products ........

3241 Cement, Hydraulic .................
33 Primary Metal Industries ..............

3312 Blast Furnaces and Steel Mills .........
3334 Primary Aluminum .................

34 Fabricated Metal Products .............
35 industrial Machinery and Equipment ......
36 Electronic and Other Electric Equipment . . .
37 Transportation Equipment .............
38 Instruments and Related Products .......
39 Misc. Manufacturing Industries ..........

Total ............................

Census Region
Northeast ...............................
Midwest ................................
South ..................................
West ..................................
Total .................................

Value of Shipments6 (million dollars)
Under 20 ...............................
20-49 ..................................
50-99 ..................................
100-249 ................................
250-499 ................................
500 and Over ............................
Total .................................

Employment Size8
Under 50 ...............................
50-99 ..................................
100-249 ................................
250-499 ................................
500-999 ................................
1 ,000 and Over ..........................
Total .................................

51 ,690
1,454

29,684
6,664

19,953
5,687

61,015
31,184
13,486
17,066

129,927
27,676
13,259
19,452
2,958

34,172
32,243
31 ,305

1,390
34,017

9,861
150,834
42,328
65,973
31 ,051
33,694
31 ,878
37,965
14,339
4,183

728,168

99,264
21 1 ,658
296,328
120,918
728,168

125,210
112,267
90,820

131,225
134,208
134,438
728,168

53,105
46,336

126,161
124,309
165,974
212,283
728,168

1,286
W
99
Q
Q

100
1,251

638
377

Q
1,485

W
80

644
61

1,943
1,867

52
52

346
W

2,691
2,508

0
356
238
420
168
328

Q
11,264

1,293
3,582
4,814
1,575

1 1 ,264

1,107
1,447

648
1,279
1,822
4,961

11,264

474
610

1,852
1,287
2,164
4,877

11,264

47,737
W

28,150
5,923

18,940
5,351

58,448
30,319
13,038
15,182

127,351
27,473
13,003
18,755
2,761

31 ,320
29,582
29,207

1,150
32,231

9,673
145,189
38,846
65,973
27,928
31,013
29,251
36,227
13,179

W
688,928

92,552
199,918
282,487
113,971
688,928

1 1 3,079
104,879
85,623

126,554
130,978
127,816
688,928

48,046
42,165

116,684
118,818
159,222
203,993
688,928

634
0
Q
Q
0
O

940
487
308

Q
1 ,028

W
W

471
W

1 ,659
1,614

37
Q

235
W

2,627
2,504

0
Q

104
359

32
Q
Q

8,372

765
2,868
3,703
1,037
8,372

654
967
218
861

1 ,460
4,212
8,372

296
349

1,103
989

1 ,673
3,963
8,372

682
0

50
0
Q
0

198
W
37
Q

368
0

W
201

W
602
548

24
W

220
W
98
W
0

129
122
381
130

Q
Q

3,228

349
941

1,213
724

3,228

447
478
400
386
390

1,127
3,228

333
171
637
573
306

1,208
3,228

267
0
0
0
Q
Q

412
W

237
0

303
W
W
98
0

-" 702
684

13
*

72
0

2,421
2,421

0
Q
Q
Q
W

161
Q

4,619

763
1,820
1,446

590
4,619

282
157
113
196
950

2,920
4,619

139
Q

221
392
656

3,066
4,619

69
W
W
0
0

56
387

W
167

Q
332

0
W
91
W

102
W
0
0

54
0
Q
0
0
0
Q
Q
0

W
Q

1,198

87
318
701

92
1,198

207
Q

40
143
439
327

1,198

140
14

136
111
167
629

1,198

Q
0
0

Q
0

38
0
0
0
0
Q
0

w
0
0

1 ,035
W
2.6
Q

1 30'
W
W
W
0
Q
Q
Q
2
Q
Q

2,355

600
S83
B36
S36

? 35!"i

:i78
208

49
137
234

1 ,.29S
2,355

145:
87

431
397
20 <

1 ,09?'
2.35E

a "Alternative types of energy" consist of those that could have been substituted for electricity receipts during 1988. The quantities are expressed in rniilior 
kilowatthours and, therefore, represent the quantity of electricity that could have been displaced by the given alternative type of energy.

b 'Total Receipts" represents those quantities of electricity generated off the manufacturing establishment site and available at the site for consumption. I! rd'j 
those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities lor wi ;h 
payment was made in kind. It does not include electricity generated onsite. "Electricity Receipts" has not been adjusted to account for any quantities that mi] it 
been resold or transferred out. The estimates include those quantities that were ascertained switchable or not switchable, plus an additional quantity for whic i lli 
switching status was not ascertained.

0 "Other" includes all other types of energy not already identified that respondents indicated could have been consumed in place of electricity.
d See Appendices A and E for descriptions of "he Standard Industrial Classification system.
6 Value of Shipments and Employment Size were supplied by the Bureau of the Census. See Appendix A.
•=Estimate less than 0.5 rounded to zero.
W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.
Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level totals.
Note: Totals may not equal sum of components because of independent rounding.
Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-846, "1988 Manufacturing Energy 

Consumption Survey."

ci 
o

3JI 
W 
VI
o

43
0
o

31 i.'l

30:2
579

CI
a

73

o

o 
w 
w
0
0

fiS3

29
115
378
160
383

Q
128

•0
PA'.00

303
15133

Q
Q 

'•13

r>9
223
121
383

ave
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Table 3. Capability to Switch from Natural Gas to Alternative Energy Sources, 1988
(Billion Cubic Feet)

Selected Characteristics

Natural Gas

Total 
Consumed13 Switchable

Not 
Switchable

Alternative Types of Energy3

Electricity 
Receipts0

Distillate 
Fuel Oil

Residual 
Fuel Oil

Coal and 
Coke LPG Otherd

SIC Industry Groups 
Code6 and Industry

20 Food and Kindred Products ..........
21 Tobacco Products .................
22 Textile Mill Products ..............
23 Apparel and Other Textile Products
24 Lumber and Wood Products .........
25 Furniture and Fixtures ..............
26 Paper and Allied Products ..........

2621 Paper Mills .....................
2631 Paperboard Mills .................

27 Printing and Publishing .............
28 Chemicals and Allied Products ........

2819 Industrial Inorganic Chemicals, nee ... 
2821 Plastics Materials and Resins .......
2869 Industrial Organic Chemicals, nee 
2873 Nitrogenous Fertilizers ...........

29 Petroleum and Coal Products ........
2911 Petroleum Refining ..............

30 Rubber and Misc. Plastics Products . . .
31 Leather and Leather Products ........
32 Stone, Clay and Glass Products ......

3241 Cement, Hydraulic ..............
33 Primary Metal Industries ...........

3312 Blast Furnaces and Steel Mills .......
3334 Primary Aluminum ..............

34 Fabricated Metal Products ..........
35 Industrial Machinery and Equipment . . .
36 Electronic and Other Electric Equipment.
37 Transportation Equipment ..........
38 Instruments and Related Products ....
39 Misc. Manufacturing Industries ........

Total .........................
Census Region

Northeast .............................
Midwest ..............................
South ................................
West ................................
Total ...............................

Value of Shipments' (million dollars)
Under 20 .............................
20-49 ................................
50-99 ................................
100-249 ..............................
250-499 ..............................
500 and Over ..........................
Total ...............................

Employment Size'

473 
2

90
21
34
22

415
173
155
47

1,465
W
W

587
168
702
666
107

5
451

29
720
425

19
197
123
82

134
31
19

5,141

490
1,389
2,724

538
5,141

645
652
605
886
631

1,722
5,141

266
2

68
5
9
6

237
86

103
16

340
47
22

113
6

278
258

60
2

247
24

264
154

11
60
38
38
53
16
6

2,008

241
586
899
282

2,008

206
281
325
385
295
516

2,008

187 
1

20 
14 
22 
14 

172 
85 
52 
25

1,107
W
W

474
162
420
406

40
1

187 
5

439
269

8
120 
74 
39 
73 
12 
10 

2,978

224
748

1,770
236

2,978

375
333
258
488
332

1,193
2,978

9
0
1

Q 
1

12
6
4
2

19
7
*

7
0

12
12
2

4 
Q
9 

W
0
4
5 
2 
2 
Q

87

21
45
13
87

16
10
10
12
15
24
87

143
1

25
2
22'

90
36
32

7
165
37
8

40
6

111
90
38

1
126

4
81
30

6
24
18
20
19
II
4

888

III 
258 
380 
138 
888

103
155
175
203
88

163
888

122
1

36
1
2
I

151 
48 
77

5
144 

14
8 

40 
W 
93 
86 
30

2 
41

6
103 
93

2
II 
9 
7

19
7
2

786

117
221
336
113
786

58
88

117
150
154
220
786

20
10
9

17
5 

W
6
0
2
1
2

25
21
20
19
0
2
2
I 
4 
0

108

6
46
46
II 

108

20
14
12
21
15
28

108

67

22
2
5
4

12
4
2
9

83
8
7

36

186
182

7

107
1

76
17
7

31
18
15
21

3
2

670

60
192
327

91
670

78
93

100
99
77

223
670

21

0
15

0
18
17

1

3 
1

W 
W 
0
1 

W

59

4
11
42

2
59

4
5
4
8
7

31
59

Under 50 .....................
50-99 ........................
100-249 ......................
250-499 ......................
500-999 ......................
1 ,000 and Over ................
Total .......................

........... 1

........... 1

........... 5

281
332
868
908
,071
,681
,141

84
120
349
405
468
581

2,008

167
189
479
478
586

1,079
2,978

8
4
12

21
28
87

55
67
184
173
215
194
888

24
37
119
158
176
273
786

3
7

28
19
14
37
108

31
39
100
147
170
182
670

3
3

10
5

16
22
59

a "Alternative types of energy" consist of those that could have been substituted for natural gas during 1988. The quantities are expressed in billion cubic feet and, 
therefore, represent the quantity of natural gas that could have been displaced by the given alternative type of energy.

b The estimates of total consumption include those quantities that were ascertained switchable or not switchable, plus an additional quantity for which the switching 
status was not ascertained.

0 "Electricity Receipts" represents those quantities of electricity generated off the manufacturing establishment site and available at the site for consumption. It 
includes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities for 
which payment was made in kind, it does not include electricity generated onsite. "Electricity Receipts" has not been adjusted to account for any quantities that might 
have been resold or transferred out. The estimates include those quantities that were ascertained switchable or not switchable, plus an additional quantity for which the 
switching status was not ascertained.

d "Other" includes all other types of energy not already identified that respondents indicated could have been consumed in place of natural gas.
e See Appendices A and E for descriptions of the Standard Industrial Classification system.
' Value of Shipments and Employment Size were supplied by the Bureau of the Census. See Appendix A.
*=Estimate less than 0.5 rounded to zero.
W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.
Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level totals.
Note: Totals may not equal sum of components because of independent rounding.
Source: Energy information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-846, "1988 Manufacturing Energy 

Consumption Survey."
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Table 4. Capability to Swticri from Distillate Fuel Oil to Alternative Energy Sources, 1988
(Thousand Barrels)

Selected Characteristics

Distillate Fuel Oil

Total 
Consumed13 Switchable

Not 
Switchable

Alternative Types of Energy3

SIC Industry Groups 
Coda9 and Industry

20 Food and Kindred Products ............ W 1,211 2,955
21 Tobacco Products ................... 81 30 43
22 Textile and Mill Products .............. 1,144 539 422
23 Apparel and Other Textile Products ...... 397 Q 191
24 Lumber and Wood Products ........... 3,835 345 3,262
25 Furniture and Fixtures ................ 591 Q 431
26 Paper and Allied Products ............. 2,139 428 1,620

2621 Paper Mills ....................... 932 234 680
2631 Paperboard Mills ................... 458 52 388

27 Printing and Publishing ............... 384 124 153
28 Chemicals and Allied Products .......... 2,654 1,101 1,362

2819 Industrial Inorganic Chemicals, nee ..... W 65 243
2821 Plastics Materials and Resins ......... 248 138 93
2869 Industrial Organic Chemicals, nee ...... 424 126 266
2873 Nitrogenous Fertilizers .............. 24 10 11

29 Petroleum and Coal Products .......... 4,359 1,547 2,615
2911 Petroleum Refining ................. 1,138 521 613

30 Rubber and Misc. Plastics Products ...... 785 320 430
31 Leather and Leather Products .......... 169 Q 65
32 Stone, Clay and Glass Products ........ 6,013 1,044 4,309

3241 Cement, Hydraulic ................. 892 153 682
33 Primary Metal Industries .............. 2,547 587 1,768

3312 Blast Furnaces and Steel Mills ......... 1,045 51 979
3334 Primary Aluminum ................. 74 13 60

34 Fabricated Metal Products ............. 1,202 315 744
35 Industrial Machinery and Equipment ...... 1,476 374 934
36 Electronic and Other Electric Equipment ... 917 410 425
37 Transportation Equipment ............. W W 1,580
38 Instruments and Related Products ....... 368 133 130
39 Misc. Manufacturing Industries .......... 275 73 179

Total ............................ 36,766 9,053 23,624
Census Region

Northeast ................................ 11,906 2,940 7,745
Midwest ................................. 7,163 1,780 4,769
South ................................... 12,408 3,174 7,484
West ................................... 5,289 1,159 3,626
Total .................................. 36,766 9,053 23,624

Value of Shipments' (million dollars)
Under 20 ................................ 16,147 2,917 11,362
20-49 ................................... 6,625 2,416 3,443
50-99 ................................... 4,405 1,171 2,355
100-249 ................................. 2,874 732 1,945
250-499 ................................. 2,863 827 1,832
500 and Over ............................. 3,852 991 2,686
Total .................................. 36,766 9,053 23,624

Employment Size'
Under 50 ................................ 10,868 1,879 7,796
50-99 ................................... 4,117 1,070 2,630
100-249 ................................. 7,025 1,873 4,182
250-499 ................................. 4,898 1,679 2,723
500-999 ................................. 4,176 1,369 2,127
1,000 and Over ........................... 5,681 1,183 4,164
Total .................................. 36,766 9,053 23,624

Eiect'icity 
Receipts0

Natural 
Gas

Q 
0 
Q 
Q 
0

63
W
a
Q

10
o

W
3
0

63
W
Q
Q
Q
0

12

W 
Q

29 
Q

23

Q 
540

172 
141 
167 

Q 
540

287
119

11
48
40
34

540

169 
Q

153
Q

62
50

540

Residual 
Fuel Oil

Coal and 
Coke

1,027
30

530
Q
Q

39 
260 
101
37
97 

899
56 

133 
123

W 
630 
271 
229

Q
860 
108 
466

50
13 

292 
314 
388 
167 
132
39 

6,475

2,256
928

2,490
801

6,475

1,647
1,901
1,008

486
639
794

6,475

1,054
718

1,414
1,285

986
1,019
6,475

138

123 
Q 
Q 
Q 

90 
38
11
12

276
6

10
45

1,075
213
107

0
176
27
Q
0
0

82 
70 
11 
65 
Q 

54 
2,397

744 
Q

720
202

2,397

1,188
386
205
283
178
158

2,397

1,046
157
444
273
278
199

2,397

Q 
Q 

16 
Q 
Q 
Q 

67 
38 
W
0

36 
W
0 

W
0 

71 
12 
Q
0

160 
W

0
0
Q
Q
4

12
0
Q

460

99
111
151
100
460

165
71

115
37
59
12

460

119 
Q

144 
Q 
15 
93

460

LPG

a "Alternative types of energy" consist of those that could have been substituted for distillate fuel oil during 1988. The quantities are expressed in thousand 
and, therefore, represent the quantity of distillate fuel oil that could have been displaced by the given alternative type of energy.

b The estimates of total consumption include those quantities that were ascertained switchable or not switchable, plus an additional quantity for which tlia s\ 
status was not ascertained.

c "Electricity Receipts" represents those quantities of electricity generated off the manufacturing establishment site and available at the site for consumptbr 
includes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quant 'it 
which payment was made in kind. It does riot include electricity generated onsite. "Electricity Receipts" has not been adjusted to account for any quantities (i 
have been resold or transferred out. The estimates include those quantities that were ascertained switchable or not switchable, plus an additional quantity kr 
switching status was not ascertained.

d "Other" includes all other types of energy not already identified that respondents indicated could have been consumed in place of distillate fuel oil.
9 See Appendices A and E for descriptions of the Standard Industrial Classification system.
' Value of Shipments and Employment Size were supplied by the Bureau of the Census. See Appendix A.
°=Estimate less than 0.5 rounded to zero.
W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.
Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level totals.
Note: Totals may not equal sum of components because of independent rounding.
Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-846, "1988 Manufacturing Ene-gy 

Consumption Survey."
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Table 5. to Fuel Oil to
(Thousand

Selected Characteristics

SIC Industry Groups 
Code8 and Industry

20 Food and Kindred Products .......... 
21 Tobacco Products ..............
22 Textile Mill Products ............
23 Apparel and Other Textile Products .... 
24 Lumber and Wood Products ........ 
25 Furniture and Fixtures ..,...,.,..... 
26 Paper and Allied Products ........... 

2621 Paper Mills ........
263? Paper/board Mills ........ .

27 Printing and Publishing .............. 
28 Chemicals and Allied Products ......... 
28)9 Industrial Inorganic Chemicals, nee 
2821 Plastics Materials w?d Resins ....
2869 Industrial Organic Chemicals, nee 
2873 Nitrogenous Fertilizers ......

29 Petroleum and Coal Products . . .
2911 Petroleum Refining .......,..,,,.,

30 Rubber and Misc. Plastics Products .... 
31 Leather and Leather Products .........
32 Stone, Clay and Glass Products . . .

3241 Cement, Hydraulic .........
33 Primary Metal Industries .......

3352 Blast Furnaces and Mills . . .

34 Fabricated Metal Products ............
35 Industrial Machinery and Equiomenl ....
36 Electronic and Other Electric Equipment 
37 Transportation Equipment ......
38 Instruments and Related Products ..,.., 
39 Misc. Manufacturing Industries .

Total ...............
Census Region 

Northeast ..........
Midwest .......
South .............
West ............
Total ............

Value of Shipments' (million dollars) 
Under 20 ..........
20-49 ............
50-99 ..............
100-249 .......
250-499 ......
500 and Over ....
Total ...............

Employment Size' 
Under 50 ............
50-99 .............
100-249 ........
250-499 ....
500-999 .........
1 ,000 and Over . , .
Total ............

| R
i 
| Total 
I Consumed"

W
?1 7

3.024
311 
458 
185 

28,274 
15.571

117 
16,596 

1 ,026 
W

3,916 
0

15,703
15.034

W
548

2,299
Q

6,239
5,754

2
737
55R
725 

2,970
917 
195

90.413

35,685
i ^ Q9*

28,454
10,350
90,413

6,568
10,057
1 1 ,928
16,548
??.916
2? ,397
90,413

1 ,642
A £37-

14,994
'• £ Q ETQ

20,445
3? .109
90 ^^°'

3aidual Fuel C

Switchabie

5,232 
143

i =3f=.'~

228 
179 
101 

9,242 
4,419
3.706

117 
7,558 

Sol 
1.146
1,088 

n
1 1 .067
10,891

1.779 
30?

1.714
O

4,23?

368
383
386

-: QQ*3

504 
171

46,767

•! O ^SP

•tH ;>*5*~'

14,395
~7 -i fl-i

46,757

3,091

5,740
8,401
9,790

11,569
46,767

798
1,914
8,919

•i f1 S^'P

15,584
46,767

)ilr-

Not
Switchabie

W 
74

O 
220 

83 
18,909 
1 1 ,097
4,808

0 
8,804

464 
W

2,829

4,836
f- =* ^Q

W 
o~« o

473
/--=

-. — -: /"I

1 .522
0

173
oi y 

1,778
399 

Q

20,852 
4,449

3,105

4,381
5,720

~? ££Q

41,769

2,674 
5,621
7,230
9,503

41 ,769

Electricity I 
Receipts0 1

139 
0
Q
0 
0 
Q

835 
W

422
0 

88 
0 
0

W 
0

-= = jp

*\f\.™

Q 
0
Q
0

W
W
0

W
Q
Q

165
W 
0

2,002

577

351

£-£_\j

566
-7-70

2,002

0
Q

* '7 Si

466
221

1 ,099
2,002

Alterr

Natural | 
Gas I

4,198 
124

Q 
Q 

32 
7,349
2,957

69
6,088

397 
807
952

8,946
8,790
1.469 

Q
1,385

209
-^ Q -; ->-

r, .— jv-.-

2
213
301
350
751
460

36,61 1

10,049
9,410

1 1 ,357

3,779

7,357

725
1 ,467
8,788

12,329

LPG Otherd

Q 
0 

Q 
0 
Q 
Q

217
W

216
0

179 
0 
0

14 
0

1,441
1,441

0
0
Q
Q
W
W
0

W
W
W
W
0
0

2,354

1,384
295
464
211

2,354

Q
244

66
261
528

1,099
2,354

0
Q

282
450

1,142
326

2,354

"Alternative types of energy* consist of those that couid have been substituted for residual fuel oil during 1988. The quantities are expressed in thcusar 
and, therefore, represent the quantity of residual fuel oil that could have been displaced by the qiven alternative type of energy. "

The estimates of total consumption include those quantities that were ascertained switchable or not switchable plus an additional ouaniiiv for .yr^h the status was not ascertained. " ' "' ' ••••"•'• 
' "Electricity Receipts" represents those quantities of electricity generated off the manufacturing establishment site and available at the site (or cnnsumptio 
ludes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity and ouanti 

which payment was made in kind. It does not Include electricity generated onsite. "Electricity Receipts" has not been adjusted to account for an* quantifier 
have been resold or transferred out. The estimates include those quantities that were ascertained switchable or not switchable Plus an addition auanti'v % 
switching status was not ascertained. "" " " "" '' '" 

e "Other" includes all other types of energy not already identified that respondents indicated could have been consumed in place of residua! fuel oil. 
( See Appendices A and E for descriptions of the Standard Industrial Classification system. 

Value of Shipments and Employment Size were supplied by the Bureau of the Census. See Appendix A. 
W=Withheld to avoid disclosing data for individual establishments. Data are included in hlaher level totals. 
Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level t 
Note: Totals may not equal sum of components because of independent founding,
Source: Energy Information Administration, Office of Eneray Markets and End Use. Enerov Fnd Use Division Form FIA-84R "1988 Ktepume'y-- 

Consumption Survey." " ' ' " ...,...,..

;d barrels 
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Table 6. Capability to Switch from Coal and Coke to Alternative Energy Sources, 1988
(Thousand Short Tons)

Selected Characteristics

Coal and Coke

Total 
Consumed*1 Switchable

Not 
Switchable

Alternative Types of Energy3

Electricity 
Receipts0

Natural 
Gas

Distillate 
Fuel Oil

Residual 
Fuel Oil LPG |

SIC Industry Groups
Code8 and Industry

20 Food and Kindred Products ............
21 Tobacco Products ...................
22 Textile Mill Products .................
23 Apparel and Other Textile Products ......
24 Lumber and Wood Products ...........
25 Furniture and Fixtures ................
26 Paper and Allied Products .............

2621 Paper Mills .......................
2631 Paperboard Mills ...................

27 Printing and Publishing ...............
28 Chemicals and Allied Products ..........

2819 Industrial Inorganic Chemicals, nee .....
2821 Plastics Materials and Resins .........
2869 Industrial Organic Chemicals, nee ......
2873 Nitrogenous Fertilizers ..............

29 Petroleum and Coal Products ..........
291 1 Petroleum Refining .................

30 Rubber and Misc. Plastics Products ......
31 Leather and Leather Products ..........
32 Stone, Clay and Glass Products ........

3241 Cement, Hydraulic .................
33 Primary Metal Industries ..............

33 12 Blast Furnaces and Steel Mills .........
3334 Primary Aluminum .................

34 Fabricated Metal Products .............
35 Industrial Machinery and Equipment ......
36 Electronic and Other Electric Equipment . . .
37 Transportation Equipment .............
38 Instruments and Related Products .......
39 Misc. Manufacturing Industries ..........

Total ............................
Census Region

Northeast ................................
Midwest .................................
South ...................................
West ...................................
Total ..................................

Value of Shipments' (million dollars)
Under 20 ................................
20-49 ...................................
50-99 ...................................
100-249 .................................
250-499 .................................
500 and Over .............................
Total ..................................

Employment Size'
Under 50 ................................
50-99 ...................................
100-249 .................................
250-499 .................................
500-999 .................................
1,000 and Over ...........................
Total ..................................

W
767

1,760
130
106
132

14,036
8,546
5,009

0
13,269

W
1,366
4,064

0
292
287
375

61
13,397
10,004
34,189
31,560

0
456
825
333

W
975

82
89,968

8,471
44,804

W
W

89,968

4,851
8,647
8,889

12,647
15,031
39,902
89,968

668
3,593

12,242
10,342
10,977
52,147
89,968

W
W

979
31

0
57

7,348
4,299
2,887

0
4,394

W
187

1,554
0

180
175
166

Q
6,035
4,910
1,935
1,674

0
102
369

55
389
643
79

25,789

2,020
9,099

W
W

25,789

1,734
3,157
3,981
5,358
5,787
5,771

25,789

Q
891

4,864
4,745
5,188
9,871

25,789

4,073
W

781
Q

106
50

6,617
4,185
2,113

0
8,857
1,019
1,179
2,510

0
112
112
175

Q
7,324
5,084

32,213
29,881

0
321
454
278

W
332

3
63,792

6,435
35,443
19,701
2,212

63,792

2,976
5,426
4,905
7,285
9,127

34,071
63,792

391
2,658
7,265
5,592
5,754

42,131
63,792

289
Q

W
Q
Q
•

787
601

W
0

103
0
0

W
0

W
W
0
0

W
w

249
W

0
W
Q
0

W
w
0

1 ,758

374
285
826
273

1,758

105
•

64
728
518
343

1,758

Q
0

62
467
592
635

1,758

1 ,900
3

660
Q
0

24
3,708
2,468
1,198

0
2,555

156
149

1,421
0

135
W

156
Q

5,231
4,106
1 ,523
1 ,476

0
99

338
55

361
0

75
16,847

522
7,328
6,572
2,425

16,847

1,542
2,616
3,141
3,256
2,939
3,353

16,847

Q
782

3,982
3,158
3, 1 16
5,579

16,847

1,232
W

454
Q
0

16
1,649
1,285

313
0

1,417
W
W

589
0

175
W
15
0

2,248
1,980

57
14

0
57

146
17

103
W
0

7,815

567
2,547
3,681
1,021
7,815

594
1,284
1,525
1,535
1,310
1,567
7,315

Q
306

2,137
1,275
1,608
2,340
7,815

1,213
205
297

Q
0

24
4,440
2,093
2,246

0
1,536

W
80
0
0

126
126

W
0

1,911
1,708

434
434

0
36
86
18
30
W
47

10,885

1,101
2,016
6,496
1,271

10,885

442
866

1,642
2,053
3,282
2,600

10,885

Q
214

1,533
2,342
1,754
4,897

10,885

100
0

126
Q
0

16
142

W
90

0
293

0
W
w

0
37
W
0

Q
W
W
w
w
0
0

54
0

14
0

14
902

53
347
502

0
902

128
120

Q
185
36

400
902

Q
W

154
150

61
463
902

Oihei l

4!:. 6
•>. ",'4 

348

" "Alternative types of energy" consist of those that could have been substituted for coal and coke during 1988. The quantities are expressed in thousand short ten;; 
and, therefore, represent the quantity of coal and coke that could have been displaced by the given alternative type of energy.

b The estimates of total consumption include those quantities that were ascertained switchable or not switchable, plus an additional quantity for which the switching 
status was not ascertained.

0 "Electricity Receipts" represents those quantities of electricity generated off the manufacturing establishment si'e and available at the site for consumption. I: 
includes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities "or 
which payment was made in kind. It does not include electricity generated onsite. "Electricity Receipts" has not been adjusted to account for any quantities that ink: il 
have been resold or transferred out. The estimates include those quantities that were ascertained switchable or not switchable, plus an additional quantity for which :'r;; 
switching status was not ascertained.

d "Other" includes all other types of energy not already identified that respondents indicated could have been consumed in place of coal and coke.
0 See Appendices A and E for descriptions of lie Standard Industrial Classification system.
1 Value of Shipments and Employment Size were supplied by the Bureau of the Census. See Appendix A.
°:=Estimate less than 0.5 rounded to zero.
W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.
Q=Withheld because Relative Standard Error greater than 50 percent. Data are included in higher level totals.
Note: Totals may not equal sum of components because of independent rounding.
Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-846, "1988 Manufacturing Energy 

Consumption Survey."
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Table 7. Capability to Switch from LPG to Alternative Energy Sources, 1938
(Million Gallons)

Selected Characteristics

LPG

Total 
Consumed13 Switchable

Not 
Switchabie

Alternative Types of Energy3

Electricity 
Receipts0

Natural 
Gas

Distillate 
Fuel Oil

Residual 
Fuel Oil

Coal and 
Coke Otherd

SIC Industry Groups 
Code8 and Industry

20 Food and Kindred Products .........
21 Tobacco Products ................
22 Textile Mill Products ..............
23 Apparel and Other Textile Products ...
24 Lumber and Wood Products ........
25 Furniture and Fixtures .............
26 Paper and Allied Products ..........

2621 Paper Mills ....................
2631 Paperboard Mills.................

27 Printing and Publishing ............
28 Chemicals and Allied Products .......

2819 Industrial Inorganic Chemicals, nee .. 
2821 Plastics Materials and Resins ......
2869 Industrial Organic Chemicals, nee ... 
2873 Nitrogenous Fertilizers ...........

29 Petroleum and Coal Products .......
2911 Petroleum Refining ..............

30 Rubber and Misc. Plastics Products ...
31 Leather and Leather Products .......
32 Stone, Clay and Glass Products ..... 

3241 Cement, Hydraulic ..............
33 Primary Metal Industries ...........

3312 Blast Furnaces and Stesl Mills ......
3334 Primary Aluminum ..............

34 Fabricated Metal Products ..........
35 Industrial Machinery and Equipment ...
36 Electronic and Other Electric Equipment
37 Transportation Equipment ..........
38 Instruments and Related Products ....
39 Misc. Manufacturing Industries ........

Total .........................
Census Region

Northeast .............................
Midwest ..............................
South ................................
West ................................
Total ...............................

Value of Shipments' (million dollars)
Under 20 .............................
20-49 ................................
50-99 ................................
100-249 ..............................
250-499 ..............................
500 and Over ..........................
Total ...............................

Employment Size'

W
1 

31
9

39 
14 
53 
23

5 
18 
44

3 
13

8

628
600 

W
1

47

60
12

2
49
32
33
24
Q
6

1,226

W
W

291
432

1,226

237
164
115
87

146
477

1,226

22

8 
Q

10 
2 
9 
6 
1

Q 
17 

1 
8 
4 
0

417
411

3

22

24 
W

13
6
Q 
5 
Q 

1 
580

W
W
94

266
580

64
33
30
43
80

330
580

Q
I 

22
3 

24
II
39
17
3

13
23

2
5
4

202
181

21
1

20

30
W

1
31
23
19
15

1
3

556

109
140
174
134
556

145
115

61
38
59

137
556

0 

Q

0
24
20

37

6
18
4
9

37

11
2
2
2
2

18
37

20 
0 
8 
Q 
7 
2 
2 
1 
1

Q 
18 

1 
8 
4 
0

407
401

2

20

22 
W

8
4 
Q
4

539

35
165
86

254
539

50
27
25
37
70

330
539

10
0

6 
W 
0

1
1

0
100

W
1

3

3

138

9
55
17
56

138

17
13
6

17
9

76
138

0
1 
0 

Q

0
173
173

0
2
0

0
0

181

1
82

5
93

181

Q 
2
1
8

46
120
181

0
0
0
0
0

0 
0 
0 
0 
0 
0 
0 
0 

18 
W 
0 
0 
0 
0

0
0

0

18

W

W
18

Q 
0

W 
18

Q
1

0
28
28

1
*

1

0
2 
Q

37

3
5
9

20
37

4
1
2
2
3

25
37

Under 50 .....................
50-99 ....................
100-249 ......................
250-499 ......................
500-999 ......................
1 ,000 and Over ................
Total .......................

........... 143

........... 67

........... 281

........... 217

........... 222

........... 296

....'....... 1,226

23
23

152
107
106
170
580

110
34

112
94
87

119
558

Q
1
8

19
2
1

37

19
20

133
98
99

169
539

10
3

57
42
23

3
138

Q
1

61
57
W
W

181

Q

.

W

.

18

1
2
2
5

23
4

37

a "Alternative types of energy" consist of those that could have been substituted for LPG during 1988. The quantities are expressed in million gallons and, therefore, 
represent the quantity of LPG that could have been displaced by the given alternative type of energy.

The estimates of total consumption include those quantities that were ascertained switchable or not switchable, plus an additional quantity for which the switching 
status was not ascertained.

0 "Electricity Receipts" represents those quantities of electricity generated off the manufacturing establishment site and available at the site for consumption. It 
includes those quantities tor which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities for 
which payment was made in kind. !t does not include electricity generated onsite. "Electricity Receipts" has not been adjusted to account for any quantities that might 
have been resold or transferred out. The estimates include those quantities that were ascertained switchable or not switchable, plus an additional quantity for which the 
switching status was not ascertained.

d "Other" includes all other types of energy not already identified that respondents indicated could have been consumed in place of LPG.
8 See Appendices A and E for descriptions of the Standard Industrial Classification system. 

Value of Shipments and Employment Size were supplied by the Bureau of the Census. See Appendix A.
*=Estimate less than 0.5 rounded to zero.
W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.
Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level totals.
Note: Totals may not equal sum of components because of independent rounding.
Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-846, "1988 Manufacturing Energy 

Consumption Survey."
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Table 8. Capability to Switch from Designated Types of Energy by Census Region and Minimum Leadtirne :c 
Switch, 1988
(Physical Units)

Type of Energy and 
Minimum Leadtime to Switch b

Total 
United States

Quantity Switchablea

Northeast

Electricity Receipts0 (million kilowatthours) 
Less than one day ........................................ 6,376 774
One day through one week .................................. 1,879 85
More than one week but within 30 days ......................... 2,894 422
Leadtirne not ascertained ................................... 114 Q
Total ................................................. 11,264 1,293

Natural Gas (billion cubic feet) 
Less than one day ........................................ 945 131
One day through one week .................................. 564 63
More than one week but within 30 days ......................... 407 33
Leadtime not ascertained ................................... 91 14
Total ................................................. 2,008 241

Distillate Fuel Oil (thousand barrels) 
Less than one day ........................................ 4,971 1,471
One day through one week .................................. 1,313 479
More than one week but within 30 days ......................... 2,559 902
Leadtime no! ascertained ................................... 211 88
Total ................................................. 9,053 2,940

Residual Fuel Oil (thousand barrels) 
Less than one day ........................................ 28,669 8 ; 274
One day through one week .................................. 12,519 3,852
More than one week but within 30 days ......................... 5,193 1,681
Leadtime not ascertained ................................... 386 162
Tola! ................................................ 46,767 13,968

Coal and Coke (thousand short tons) 
Less than one day ........................................ 13,938 1,033
One day through one week .................................. 8,235 910
More than one week but within 30 days ......................... 3,475 73
Leadtime not ascertained ................................... 142 Q
Total ................................................. 25,789 2,020

LPG (million gallons) 
Less than one day ........................................ 390 14
One day through one week .................................. 96 W
More than one week but within 30 days ......................... 88 17
Leadtirne not ascertained ................................... 6 1
Total ................................................. 580 W

Census Region

Midwest

2,080
531
910
60

3,582

256
144
159
27

586

635
147
953

46
1,780

6,941
3,608

640
33

11,223

5,257
2,819

976
46

9,099

140
W
16

1
W

South

2,813
858

1,109
34

4,814

413
290
160

36
899

1,916
542
654

62
3,174

9,649
2,608
1,951

Q
14,395

5,799
3,945

W
91
W

49
24
Q
2

94

Wesi

7os;
40!i 
454

14'!.

949
145

SCI
1(3

1,1 E9

3,80-!. 
2,45'i

7,181

1,8413
560

a A specific type of energy may be switchable if the cornbustors had the necessary machinery or equipment in place so that the substitution could have been 
introduced within 30 days, while holding output constant and without extensive modifications to the combustor. See Appendix A for more details. The estimates ol 
quantities switchable represent the total consumption during 1988 that could have been replaced by an alternative fuel within the standard leadtime. These ar.ount 
also be interpreted as the amount of 1988 consumption that could have been avoided if all possible switching within the leadtime had taken place.

b 'Time to switch" represents the minimum leadtime required to convert to a primary replacement type of energy in place of the indicated type of energy.
0 "Electricity Receipts" represents those quantities a" electricity generated off the manufacturing establishment site and available at the site for consumption. It 

includes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities for 
which payment was made in kind. It does not include electricity generated onsite. "Electricity Receipts" has not been adjusted to account for any quantities that mi 
have been resold or transferred out. The estimates include those quantities that were ascertained switchable or not switchable, plus an additional quantity ''or whicl 
switching status was not ascertained.

W= Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.
Q~Wi!hheld because Relative Standard Error is greater than 50 percent. Data are included in higher level totals.
Note: Totals may not equal sum of components becajse of independent rounding.
Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-846, "1988 Manufacturing Energy 

Consumption Survey."
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Table 9. Minimum Leadtime Required to Switch to Electricity from Various Energy Sources Consumed In 1988, 
by Census Region 
(Physical Units)

Type of Energy and 
Minimum Leadtime to Switch3 Total United 

States

Census Region

Northeast Midwest South West

From Natural Gas (billion cubic feet) 
Less than one day .................
One day through one week ...........
More than one week but within 30 days . . 
Leadtime not ascertained ............
Total ..........................

From Distillate Fuel Oil (thousand barrels) 
Less than one day .................
One day through one week ...........
More than one week but within 30 days . . 
Leadtime not ascertained ............
Total ..........................

From Residual Fuel Oil (thousand barrels) 
Less than one day .................
One day through one week ...........
More than one week but within 30 days .. 
Leadtime not ascertained ............
Total ..........................

From Coal and Coke (thousand short tons) 
Less than one day .................
One day through one week ...........
More than one week but within 30 days . . 
Leadtime not ascertained ............
Total ..........................

From LPG (million gallons) 
Less than one day .................
One day through one week ...........
More than one week but within 30 days . . 
Leadtime not ascertained ............
Total ..........................

41
18
25

4
87

182 
Q

313
21

540

1,467
277
249

9
2,002

1,337
402

19
0

1,758

19 
Q

10 
1

37

2 
1 
4 
Q 
8

29 
Q

119 
Q

172

W
163

Q
1

577

240

130
4
0

374

Q 

6

5
4

12
1

21

63
Q
Q

1
141

W 
Q 
Q 
0 

56

Q
20
12

0
285

W
Q 
3 
Q

18

27
10

8
Q

45

29
2

135

167

772
54

184
8

1,018

W 
W 
Q 
0 

826

W 

W

4

7 
3 
1

Q 
13

Q 
0 
0 
0 
Q

293
58

0
0

351

W 
W 
0 
0 

273

W 
W

1

a 'Time to Switch" represents the minimum leadtime required to convert to a primary replacement type of energy in place of the indicated type of energy. 
'=Estimate less than 0.5 rounded to zero.
W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals. 
Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level totals. 
Note: Totals may not equal sum of components because of independent rounding.
Source: Energy information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-846, "1988 Manufacturing Energy 

Consumption Survey."
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Table 10. Minimum Leadtime Required to Switch to Natural Gas from Various Energy Sources Consumed 
1988, by Census Region
(Physical Units)

Type of Energy and 
Minimum Leadtime to Switch3

From Electricity Receipts6 (million kilowatthours} 
Less than one day ......................
One day through one week ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ...............................

From Distillate Fuel Oil (thousand barrels) 
Less than one day ......................
One day through one week ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ...............................

From Residual Fuel Oil (thousand barrels) 
Less than one day ......................
One day through one week ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ...............................

From Coal and Coke (thousand short tons) 
Less than one day ......................
One day through one week ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ...............................

From LPG (million gallons) 
Less than one day ......................
One day through one week ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ...............................

Total United 
States

5,336
1,100
1,908

29
8,372

4,207
1,057

996
215

6,475

24,490
8,932
2,799

390
36,611

8,866
5,064
2,763

155
16,847

367
100
66

7
539

Northeast

W 
W

369 
Q

765

1,280
432
454

90
2,256

6,765
2,239

899
146

10,049

318
W
Q
Q

522

11
13
10

1
35

Census Region

Midwest

1,903
309
645

Q
2,868

500
127

Q
42

928

6,155
2,780

455
20

9,410

3,842
2,558

876
52

7,328

135
16
13

1
165

South

2,553
444
693

13
3,703

1,723
472
227
67

2,490

8,273
1,960

942
Q

11,357

3,080
2,090
1,303

98
6,572

47 
22 
Q 
2 

86

West

W 
201

Q 
,037

a 'Time to Switch" represents the minimum leadtime required to convert to a primary replacement type of energy in place of the indicated type of energy.
b "Electricity Receipts" represents those quantities of electricity generated off the manufacturing establishment situ and available at the site for consumption. It 

includes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities for 
which payment was made in kind. It does not include electricity generated onsite. "Electricity Receipts" has not been adjusted to account for any quantities that 'nigh: 
have been resold or transferred out. The estimates include those quantities that were ascertained switchatale or not switchable, plus an additional quantity for which f~c-< 
switching status was not ascertained.

W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.
Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level "otals,
Note: Totals may not equal sum of components because of independent rounding.
Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form E:IA-846, "1988 Manufacturing Energy 

Consumption Survey."
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Table 11. Minimum leadtlme Required to Switch to Dlstitiat  Fuel Oil from Various Energy Sources Consumed 
in 1988, by Census Region
(Physical Units)

Type of Energy and 
Minimum Leadtime to Switch3 Total United 

States

Census Region

Northeast Midwest South West

From Electricity Receipts'5 (million kilowatthours)
Less than one day .................
One day through one week ...........
More than one week but within 30 days .. 
Leadtime not ascertained ............
Total ..........................

From Natural Gas (billion cubic feet) 
Less than one day .................
One day through one week ...........
More than one week but within 30 days . . 
Leadtime not ascertained ............
Total ..........................

From Residual Fuel Oil (thousand barrels) 
Less than one day .................
One day through one week ...........
More than one week but within 30 days . . 
Leadtime not ascertained ............
Total ..........................

From Goal and Coke (thousand short tons) 
Less than one day .................
One day through one week ...........
More than one week but within 30 days .. 
Leadtime not ascertained ............
Total ..........................

From LPG (million gallons) 
Less than one day .................
One day through one week ...........
More than one week but within 30 days .. 
Leadtime not ascertained ............
Total ..........................

902
713

1,561
51

3,228

353
278
203

53
888

4,254
4,815
6,771

263
16,103

2,716
1,954
3,036

109
7,815

61
40
36

2
138

117
73

153
Q

349

50
31
23

8
111

1,244
2,204
1,969

93
5,510

W 
W 
24 
Q 

567

201
225
480

35
941

101
74
69
14

258

856
210

1,966
23

3,055

1,244
W

618
W

2,547

18
22
15 
Q 

55

353
249
601 

Q
1,213

149
136
74
22

380

1,209 
1,201 
1,790 

Q 
4,328

1,092
1,004
1,515

70
3,681

4
8
1

17

231
166
326

*

724

53
38
38

9
138

945
1,200
1,046

20
3,210

W
W

879
0

1,021

35
13

9
a

56

3 'Time to Switch" represents the minimum ieadtime required to convert to a primary replacement type of energy in place of the indicated type of energy.
b "Electricity Receipts" represents those quantities of electricity generated off the manufacturing establishment site and available at the site for consumption. It 

includes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities for 
which payment was made in kind. It does not include electricity generated onsite. "Electricity Receipts" has not been adjusted to account for any quantities that might 
have been resold or transferred out. The estimates indude those quantities that were ascertained switchable or not switchable, plus an additional quantity for which the 
switching status was not ascertained.

*=Estimate less than 0.5 rounded to zero.
W=WithheId to avoid disclosing data for individual establishments. Data are included in higher level totals.
Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level totals.
Note: Totals may not equal sum of components because of independent rounding.
Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-846, "1988 Manufacturing Energy 

Consumption Survey."
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Table 12. Minimum Leaeftime Required to Switch to Residual Fuel Oil from Various Energy Sources Consum e :
in 1988, by Census Region 
(Physical Units)

Type of Energy and 
Minimum Leadlime to Switch" Total United 

States Northeast

Census

Midwest

Region

South I W

From Electricity Receipts0 (million kilowatthours) 
Lass than one day ......................
One day ihrough one week ................
More than one week but within 30 days .......
Laadtime not ascertained .................
Total ...............................

From Natural Gas (billion cubic feet) 
Lass than one day .................... .
One day through one week ................
More than one week but within 30 days ..... .
Laadtirne not ascertained .................
Total ............................. .

From Distillate Fuel Oil (thousand barrels) 
L.9SS than one day ......................
One day through one week .............. .
More than one week but within 30 days ..... .
Leadtime not ascertained ............... .
Total ............................. .

From Coal and Coke (thousand short tons) 
Lass than one day .................... .
One day through one week ................
More than one week but within 30 days .......
Laadtirne not ascertained .................
Total ...............................

From LPG (million gallons) 
Lass than one day ......................
One day through one week ................
More than one week but within 30 days .......
Laadtime not ascertained .................
Total ...............................

2,568
1,053

977
20

4,619

335
200
214

37
786

365
403

1,594
35

2,397

4,501
4,480
1,705

199
10,885

126
37
17

181

614 
W 
W 
Q

763

60
101
556
27

744

W
62,?

W
O

1.101

719
544
548

Q
1,820

75
53
83
10

221

Q
W
Q
2
Q

801
532
637
46

2,016

46
30

5
0

82

968
361
110

Q
1,446

142
82
96
16

336

137
247
330

6
720

2,682
2,806

858
150

6,496

1
W
W

5

;l T me to Switch" represents the minimum leadtime required to convert to a primary replacement type of energy in place of the indicated type of energy.
b "Electricity Receipts" represents those quantities of electricity generated off the manufacturing establishment site and available at the site for consumption. It 

includes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities (or 
which payment was made in kind. It does not include electricity generated onsite. "Electricity Receipts" has not been adjusted to account for any quantities thai ""vrj 
have been resold or transferred out. The estimates include those quantities that were ascertained switchable or not switehable, plus an additional quantity for which t 
switching status was not ascertained.

"-Estimate less than 0.5 rounded to zero.
W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.
Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher levei totals.
Note: Totals may not equal sum of components because of independent rounding.
Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use D'vision, Form EIA-846, "1988 Manufacturing Energy 

Consumption Survey."
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Table 13. Minimum Leadtlme Required to Switch to and Sources Consumed 
In 1988, by Census Region 
(Physical Units)

Type of Energy and 
Minimum teadtime to Switch3 Total United 

States

Census Region

Northeast Midwest South West

From Electricity Receipts'5 (million kitowatthours) 
Less than one day ......................
One day through one week ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ...............................

From Natural Gas (billion cubic feet) 
Less than one day ......................
One day through one week ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ...............................

From Distillate Fuel OH (thousand barrels) 
Less than one day ......................
One day through one week ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ...............................

From Residual Fuel Oil (thousand barrels) 
Less than one day ......................
One day through one week ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ...............................

From LPG (million gallons) 
Less than one day ......................
One day through one week ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ...............................

530
443
215

W
1,198

38

31
35

5
108

272 
Q

150 
Q

460

1,548
1,400

198
Q

3,166

W
Q

18

33
W 
Q 
0 

W

1
Q 
W

1
6

Q 
0 
Q 
Q

§9

116 
W
W
Q 

213

76
W
Q
0

318

14
10
20

2
46

68 
Q 
Q 
W 

111

90 
W
W
3

928

W
Q

0 
W

W 
219 
140

W 
701

16
18

9
2

46

56

90
4

151

901
555

75
1

1,532

W 
0 
Q
0 

W

7 
W 
W

11

97
0
Q
0

100

442 
W 
0 
0

493

W 
0 
0

W

3 'Time to Switch" represents the minimum teadtime required to convert to a primary replacement type of energy in place of the indicated type of energy.
b "Electricity Receipts" represents those quantities of electricity generated off the manufacturing establishment site and available at the sito for consumption. It 

includes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing antity, and quantities for 
which payment was made in kind. It does not include electricity generated onaite. "Electricity Receipts" has not been adjusted to account fur any quantities that might 
have been resold or transferred out. The estimates include those quantities that were ascertained switchable or not switchabie, plus an additional quantity for which the 
switching status was not ascertained.

*=Estimate less than 0.5 rounded to zero.
W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.
Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level totals.
Note: Totals may not equal sum of components because of independent roundtng.
Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-848, "1988 Manufacturing Energy 

Consumption Survey."
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Table 14. Mfitiimum Leadtime Required to Switch to LPG from Various Energy Sources Consumed in 19118, 
Census Region
(Physical Units)

Type of Energy and 
Minimum Leadtime to Switch3

From Electricity Re'ceipts6 (million kilowatthours) 
Less than one day ......................
One day through 01 le week ................
More than one wee! (but within 30 days .......
Leadtime not ascertained .................
Total .......... .....................

From Natural Gas (billion cubic feet) 
Less than one day ......................
One day through one week ................
More than one week but within 30 days .......
Leadline not ascertained .................
Total ............ , ..................

From Distillate Fuel Oil (ilhousand barrels) 
Less than one day .... ..................
One day through one week ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ............. ..................

From Residual Fuel Oil (thousand barrels) 
Less than one day .... ..................
One day through one weeik ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ...............................

From Ooal and Coke (thousand short tons) 
Less than one day ......................
One day through one weok ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ...............................

Total United 
States

371
825

1,144
15

2,355

296
174
169
32

670

450
318

1,412
72

2,253

4,973
4,523
1,609

Q
11,217

57
233
567

45
902

Northeast

W 
W 
Q 
Q 

600

27
U 
16

60

48
35

352
27

463

775
W
W
0

2,675

0 
W 
45
Q 

53

Census Region

Midwest

W 
W 
W 
Q 

583

94
35
54

8
192

123 
W 
Q 
Q 
Q

2,663
2,282

155
0

5,100

W 
W

161 
W

347

South

66
192
375

3
636

125
111
77
15

327

114
42

472
27

656

427
437
689

Q
1,665

W 
W

362 
0

502

West

3 'Time to Switch" represents the minimum leadtime required to convert to a primary replacement type of energy in place of the indicated type of energy.
b "Electricity Receipts" represents those quantities of electricity generated off the manufacturing establishment site and available at the site for consumption. It 

includes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities fc 
which payment was made in kind. It does not include electricity generated onsite. "Electricity Receipts" has not been adjusted to account for any quantities thai 
have been resold or transferred out. The estimates include those quantities that were ascertained switchable or not svvitchable, plus an additional quantity ;or whi> 
switching status was not ascertained.

W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.
Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level totals.
Note: Totals may not equaJ sum of components because of independent rounding.

^Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form E:IA-84S, "1988 Manufacturing Energy 
Coi isumption Survey."
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Table 15. Relative Standard for 1 
(Percent)

Type of Energy

Electricity Receipts0 (million kilowatthours} 
Natural Gas (billion cubic feet) .........
Distillate Fuel Oil (thousand barrels) .....
Residua! Fuel Oil (thousand barrels) .....
Coal and Coke (thousand short tons) ....
LPG (million gallons) ................

Electricity Receipts0 (million kilowatthours) 
Natural Gas (billion cubic feet) .........
Distillate Fuel Oil (thousand barrels) .....
Residual Fuel Oil (thousand barrels) .....
Coal and Coke (thousand short tons) ....
LPG (million gallons) ................

Electricity Receipts0 (million kilowatthours) 
Natural Gas (billion cubic feet) .........
Distillate Fuel Oil (thousand barrels) .....
Residual Fuel Oil (thousand barrels).....
Coal and Coke (thousand short tons) ....
LPG (million gallons) ................

Electricity Receipts0 (million kilowatthours) 
Natural Gas (billion cubic feet) .........
Distillate Fuel Oil (thousand barrels) .....
Residual Fuel Oil (thousand barrels) .....
Coal and Coke (thousand short tons) ....
LPG (million gallons) ................

Electricity Receipts0 (million kiiowatthours) 
Natural Gas (billion cubic feet) .........
Distillate Fuel Oil (thousand barrels) .....
Residual Fuel Oil (thousand barrels).....
Coal and Coke (thousand short ions) ....
LPG (million gallons) ................

Actual 
Consumption

Minimum 
Consumption3

Totai United States

Northeast Census Region
3
6

11
5

W

Midwest Census Region
3
2

10

W

3
3

11
22

5
19

South Census Region
2
4 

14
4 

W
7

2
5

18
6
6

West Census Region
3
4 
8 
7 

W 
9

3
6

10
12
10
12

Maximum 
Consumption15

a Minimum consumption represents actual 1988 consumption decreased by the quantity of the designated type of energy that would no longer have been required if 
all ascertained switching from that type of energy had occurred. The minimum value includes the quantity of 1988 consumption for which switching capability was not 
ascertained.

b Maximum consumption represents actual 1988 consumption increased by the quantity of the designated fype of energy that would have been required if all 
ascertained switching into that type of energy had occurred. This value assumes that ail indicated substitutions were possible simultaneously and the substitutable 
amount consists of the sum of all possible switches to the designated type of energy. The estimate assumes thai 1988 output remained constant.

0 "Electricity Receipts" represents those quantities of electricity generated off the manufacturing establishment site and available at the site for consumption. It 
includes those quantities for which payment was made, quantities transferred in, quantities purchased, and paid for by a. central purchasing entity, and quantities for 
which payment was made in kind, it does not include electricity generated onsite. "Electricity Receipts" has not been adjusted to account for any quantities that might 
have been resold or transferred out. The estimates include those quantities that were ascertained switchable or not switchable, plus an additional quantity for which the 
switching status was not ascertained.

W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.
Source: Energy information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-846, "1983 Manufacturing Energy 

Consumption Survey."
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Table 16. Relative Standard Errors for Table 2
(Percent)

Selected Characteristics

Electricity Receipts

Total 
Receipts'" Switchable

Not
Switchable

Alternative Types of Energy*

Natural 
Gas

Distillate 
Fuel Oil

Residual 
Fuel Oil

Coal and 
Coke LPG Other6

SIC Industry Groups
Codsd and Industry

20 Food and Kindred Products .........
21 Tobacco Products ................
22 Textile Mill Products ..............
23 Apparel and Other Textile Products . . .
24 Lumber and Wood Products ........
25 Furniture and Fixtures .............
26 Paper and Allied Products ..........

2621 Paper Mills .....................
2631 Paper/ward Mills.................

27 Printing and Publishing ............
28 Chemicals and Allied Products .......

2819 Industrial Inorganic Chemicals, nee . .
2821 Plastics Materials and Resins .......
2869 Industrial Organic Chemicals, nee ...
2873 Nitrogenous Fertilizers ............

29 Petroleum and Coal Products ........
2911 Petroleum Refining ...............

30 Rubber and Misc. Plastics Products ....
31 Leather and Leather Products ........
32 Stone, Clay and Glass Products .....

3241 Cement, Hydraulic ...............
33 Primary Metal Industries ...........

3312 Blast Furnaces and Steel Mills ......
3334 Primary Aluminum ...............

34 Fabricated Metal Products ...........
35 Industrial Machinery and Equipment....
36 Electronic and Other Electric Equipment .
37 Transportation Equipment ...........
38 Instruments and Related Products ....
39 Misc. Manufacturing Industries ........

	Total ..........................

Census Region
Northeast .............................
Midwest ..............................
South ................................
West ................................
Total ...............................

Value of Shipments6 (million dollars) 
Under 20 .............................
20-49 ................................
50-99 ................................
100-249 ..............................
250-499 ..............................
500 and Over ..........................
Total ...............................

Employment Size8
Under 50 .............................
50-99 ................................
100-249 ..............................
250-499 ..............................
500-999 ..............................
1,000 and Over ........................
Total ...............................

4
8
4

10
8
8
3
3
5
7
4

13
5
7
7
4
4
5

22
3
5
3
4 
6 
5 
5 
5 
5 
7 
S 
2

22
W 
34
Q
Q 

40
9

11
12
Q

11
W
14
20
22

6
6

28 
35 
15 
W 
10 
10 
0 

40 
30 
43 
15 
32 
Q 
5

16
8
8

17
5

22
17
28
12

9
7
5

28
25
17
12
8
7
5

4 
W
4 

10
8
9
3
3
5
7
4

13
5
7
7
4
4
5

26
3
5
3
4
6
5
6 
5 
5 
8 

W 
2

28
0 

Q 
Q 
Q 
Q
12
13
14 
Q
15
W
W
26
W
7
7

33 
Q 

20 
W 
10 
10 
0 
Q 

40 
50 
28 
Q 
Q 
6

23
9
g

18
6

29
22
29
15
10
8
6

3S
23
22
14
10
9
6

30
0

46 
0 
Q 
0

35
W
28
Q

23
0

W
36
W
9
8

48 
W 
21 
W 
20 
W 
0 

44 
39 
47 
18 
Q 
Q 

10

23
13
18
25
10

25
24
42
22
21
17
10

30
45
28
17
17
18
10

35
0
0
0

Q
Q
11
W
17
0

13
W
W
29
0
9
9

43
*

33
0

10 
10
0 
Q 
Q 
Q 
W 
37 
Q
7

14
10
13
17
7

37
42
14
16
11
9
7

40 
Q 

25
14
14
8
7

22
W
W
0
0

41
20
W
18
Q

11
0

W
29
W
29
W
0
0

43 
0 
Q 
0 
0 
0 
Q 
Q 
0 

W 
Q 

11

49
25
12
21
11

36 
Q

19
18
18
12
11

41
39
44
15
19
13
11

Q 
0 
0 
Q 
0

46
0
0
0
0
Q
0

W
0
0
8

W
45
Q

29
W
W
W
0
Q
Q
Q

39
Q
Q
12

28
18
28
14
12

42
37
29
38
15
15
12

41
49
35
17
35
18
12

19

Q. 
30
«
32:
16 
IB

a "Alternative types of energy" consist of those that could have been substituted for electricity receipts during 19B8. The quantities are expressed as the percent tr 
electricity that could have been displaced by the given alternative type of energy.

b 'Total Receipts" represents those quantities of electricity generated off the manufacturing establishment site and available at the site for consumption. It includes 
those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities for which 
payment was made in kind. It does not include electricity generated onsite. "Electricity Receipts" has not been adjusted to account for any quantities that might haivo 
been resold or transferred out. The estimates include those quantities that were ascertained switchable or not switchable, plus an additional quantity for which the 
switching status was not ascertained.

0 "Other" includes all other types of energy not already identified that respondents indicated could have been consumed in place of electricity.
d See Appendices A and E for descriptions of the Standard Industrial Classification system.
8 Value of Shipments and Employment Size were supplied by the Bureau of the Census. See Appendix A.
"^Estimate less than 0.5 rounded to zero.
W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.
Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level totals.
Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-846, "1988 Manufacturing Energy 

Consumption Survey."
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Table 17. Relative Standard Errors for Table 3 
(Percent)

Selected Characteristics

Natural Gas

Total 
Consumed13 Switchable

Not 
Switchable

Alternative ! ypes of Energy3

Electricity 
Receipts0

Distillate 
Fuel Oil

Residual 
Fuel Oil

Coal and 
Coke Otherd

SIC Industry Groups
Code6 and Industry

20 Food and Kindred Products ..........
21 Tobacco Products .................
22 Textile Mill Products ...............
23 Apparel and Other Textile Products ....
24 Lumber and Wood Products .........
25 Furniture and Fixtures ..............
26 Paper and Allied Products ...........

2621 Paper Mills .....................
2631 Paperboard Mills .................

27 Printing and Publishing .............
28 Chemicals and Allied Products ........

2819 Industrial Inorganic Chemicals, nee . . .
2821 Plastics Materials and Resins .......
2869 Industrial Organic Chemicals, nee ....
2873 Nitrogenous Fertilizers ............

29 Petroleum and Coal Products ........
2911 Petroleum Refining ...............

30 Rubber and Misc. Plastics Products . . .
31 Leather and Leather Products ........
32 Stone, Clay and Glass Products .....

3241 Cement, Hydraulic ...............
33 Primary Metal Industries ...........

33 12 Blast Furnaces and Steel Mills ......
3334 Primary Aluminum ...............

34 Fabricated Metal Products ..........
35 Industrial Machinery and Equipment . . .
36 Electronic and Other Electric Equipment
37 Transportation Equipment ..........
38 Instruments and Related Products ....
39 Misc. Manufacturing Industries .......

	Total .........................

Census Region
Northeast .............................
Midwest ..............................
South ................................
West ................................
Total ...............................

Value of Shipments' (million dollars)
Under 20 .............................
20-49 ................................
50-99 ................................
100-249 ..............................
250-499 ..............................
500 and Over ..........................
Total ...............................

Employment Size*
Under 50 .............................
50-99 ................................
100-249 ..............................
250-499 ..............................
500-999 ..............................
1,000 and Over ........................
Total ...............................

3
12
5

16
12
8
3
3
6
8
6

W
W
12

9
5
5
5

12
4
9
3
4
6
6
9
5
6
9

11
2

4 
15
6

20 
18 
14
4
4
6 

14
B 

13
7 

10 
13
5
6
6

17
5

11
4
6
7
7
7
6
6

12
14
2

5
14
9

22
16
10

4
5
8

11
7

W
W
14
9
6
7

10
19
6
8
4
5
8
9

14
7
9

13
16
3

10
6
5
4
4
7
3

27 
0

29 
Q

44

10
12
17
31
17
27

28
0

13
13
21

18 
Q 

14 
W 
0 

19 
21 
25 
18 
Q

12
14
9

15
8

14
13
18
19
16
11
6

21
22
16
18
12
10
8

5
19
9

24
33
26

5
5

11
20

6
15
9

10
14
8

10
7

25
6

11
7
8
9

11
8
9
6

14
21
2

5
23

9
32
32
33

26
5

17
8

W 
7 
7 
9

22
8
9
7
8

12
11
12
12
13
15
17

2

8
5
4
5
5
2

12
10
6
4
4
4
2

14

13

10
12

14 
27 
W 
27 

0 
22 
16 
26

11
12
12
13
0

22
27
35
14
0

14
7
8

12
5

13 
11 
11 
11 
10 
10 

B

29
15
11
10
9

•10 
38 
22 
18
11
9

17
18
10
18
18
18

6
6

12

7
18

6
11
9
9

10
9
8

24
23

3

7
5
5
8
6
3

11
10
6
5
5
7
3

30
0

21
0

48

21

27

17

0
23

0
18
19
38

22 
20 
W 
W 
0 

48 
W

21
14
12
22

9

29
22
20
14
28
14
9

39
31
24
19
17
16
9

a "Alternative types of energy" consist of those that couid have been substituted for natural gas during 1988. The quantities are expressed as the percent of natural gas that could have been displaced by the given alternative type of energy.
b The estimates of total consumption include those quantities that were ascertained switchable or not switchabie, plus an add Mortal quantity for which the switching status was not ascertained.
0 "Electricity Receipts" represents those quantities of electricity generated off the manufacturing establishment site and available at the site for consumption. It includes those quantities for which payment was made, quantities transferred In, quantities purchased and paid for by a central purchasing entity, and quantities for which payment was made in kind. It does not include electricity generated onsite. "Electricity Receipts" has not been adjusted 1:0 account for any quantities that might have been resold or transferred out. The estimates include those quantities that were ascertained switchabie or not switchable, PIUS an additional quantity for which the switching status was not ascertained.
d "Other" includes all other types of energy not already identified that respondents indicated could have been consumed in place of natural gas.
" See Appendices A and E for descriptions of the Standard Industrial Classification system.
' Value of Shipments and Employment Size were supplied by the Bureau of the Census. See Appendix A.
*=Estimate less than 0.5 rounded to zero.
W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.
Q=Withheld because Relative Standard Error is greater than 50 percent. Date are included in higher level totals.
Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form E1A-846, "1 988 Manufacturing Energy Consumption Survey."
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Table 18. Relative Standard Errors for Table 4
(Percent)

Selected Characteristics

SIC Industry Groups
Code6 and Industry

20 Food and Kindred Products .........
21 Tob'3cc;o Products ................
22 Textile and Mill Products ...........
23 Aprjarel and Other Textile Products . . .
24 Lumber and Wood Products ........
25 Furniture and Fixtures .............
26 Paper and Allied Products ..........

2621 Paper Mills ....................
2631 Paper/ward Mills................

27 Printing and Publishing ............
23 Chemicals and Allied Products .......

2819 Industrial Inorganic Chemicals, nee . .
2821 Plastics Materials and Resins ......
2889 Industrial Organic Chemicals, nee ...
2873 Nitrogenous Fertilizers ...........

29 Petroleum and Coal Products .......
2911 Peitroleum Refining ..............

30 Rubber and Misc. Plastics Products .. .
31 Leather and Leather Products ........
32 Stone, Clay and Glass Products .....

3241 Cement, Hydraulic ..............
33 Primary Metal Industries ...........

33 12 Blast Furnaces and Steel Mills .......
3334 Primary Aluminum ...............

34 Fabricated Metal Products ..........
35 Industrial Machinery and Equipment...
36 Electronic and Other Electric Equipment
37 Transportation Equipment ..........
38 Instruments and Related Products ....
39 Misc. Manufacturing Industries ........

	Total .........................

Census Region
Northeast .............................
Midwest ..............................
South ................................
West ................................
Total ...............................

Value of Shipments' (million dollars)
Under 20 .............................
20-49 ................................
50-99 ................................
100-249 ....................... .......
250-499 ..............................
500 and Over .................. ........
Total ...............................

Employment Size'
Under 50 .............................
50-99 ................................
100-249 ....................... .......
250-499 ...............................
500-999 ..............................
1,000 and Over ................. .......
Total ....................... ........

Distillate Fuel Oil

Total 
Consumed13 Switchable

Not 
Switchable

Alternative Types of Energya

Electricity 
Receipts0

Natural 
Gas

Residual 
Fuel Oil

Coal and 
Coke

W 
18 
18 
22 
22 
33 

9 
5 

18 
20 
10 
W 
17
10
11
18
11
15
31
25

6
8
6
8

14
18
16
W
28
18

6

9
10
14
8
6

12
8

11
8
7
6
6

18
10
7
9

11
5
6

20 
17 
31 
Q 

46 
Q 
8 
7 

14 
26 
17 
15 
26
20
21 
29

9 
20
O 

20 
17 
21
15
16 
28 
22 
21 
W 
26 
28 

8

10
26
12
11
8

19
14
11
18
11
12
8

27
20
11
18
11
10
8

13
26
22
26
26
26
11
6

21
30
11
19
18
12
14
24
15
22
22
35

7
8
6
9

17
26
26
14
31
24
9

12
12
21
11

9

17
9

13
9
8
8
9

23
12
9

10
12

6
9

Q 
0 
Q 
Q 
0

28
W 
26 
Q

21
0

W
25

0
41
W
Q
Q
Q
0

21
*

W 
Q

31 
Q

28

Q
19

33 
32 
34 
Q 

19

28
49
20
19
41
20
19

33 
Q

42 
Q 

15 
35 
19

23 
18 
32
Q
Q 

43 
11
9 

17 
27 
16 
16 
27 
20
W 
25 
11 
19
Q 

24 
23 
21
15
16
30
23
22
23
26
37

7

10
21
14
12
7

17
16
13
9

13
14
7

24
19
12
21

9
12
7

39
*

29
Q 
Q 
Q

14
15 
22 
32 
46 
31 
13 
41 
W 
41 
14 
46 

0
23
22
Q
0
0

36
37 
35 
25 
Q 

33 
20

21 
Q 

20 
16 
20

37
26
19
43
16
14
20

42
23
17
28
43
18
20

Q
Q

44
Q
Q
Q

27
16
W
0

13
W
0

W
0

43
22
Q
0

26 
W

0
0
Q
O

32
21

0
Q
15

37
26
27
24
15

31
43
21
13
29
22
15

37 
Q 

19 
Q 
14 
20 
15

LPG

31 
29 
26 
Q 
Q 
Q 

18 
15 
31 
Q 

45 
27 
15 
23 

0
42 
10 
Q 
Q 

26 
21 
Q 

14 
W 
36 
42 
31 
Q 
Q 
Q 

20

20 
Q 

26 
15 
20

37
25
26
13
15
12
20

50 
49 
16 
28 
M 
21 
20

a "Alternative types of energy" consist of those that could have been substituted for distillate fuel oil during 1988. The quantities are expressed as the percent rr 
distillate fuel oil that could have been dis placed by the given alternative type of energy.

"The estimates of total consumption include those quantities that were ascertained switchable or not switchable, plus an additional quantity for which the swtchi-ir 
status was not ascertained.

0 "Electricity Receipts" represents thos e quantities of electricity generated off the manufacturing establishment site and available at the site for consumption. It 
includes those quantities for which paym ent was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities ft r 
which payment was made in kind. It doos not include electricity generated onsite. "Electricity Receipts" has not been adjusted to account for any quantities that mi;: r I 
have been resold or transferred out. Th'0 estirrates include those quantities that were ascertained switchable or not switchable, plus an additional quantity for wh.bh I 
switching status was not ascertained.

d "Other" includes all other types of energy not already identified that respondents indicated could have been consumed in place of distillate fuel oil.
9 See Appendices A and E for descriptions of the Standard Industrial Classification system.
1 Value of Shipments and Employment Size were supplied by the Bureau of the Census. See Appendix A.
'=Estimate less than 0.5 rounded to uero.
W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.
Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level totals.
Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-846, "1988 Manufacturing Energy 

Consumption Survey."
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Table 19. Relative Standard Errors for Table 5 
(Percent)

Selected Characteristics

Residual Fuel Oil

Total 
Consumed13 Switchable

Not 
Switchable

Alternative Types of Energy3

Electricity 
Receipts0

Natural 
Gas

Distillate 
Fuel Oil

Coal and 
Coke LPG Otherd

SIC Industry Groups
Code6 and Industry

20 Food and Kindred Products .........
21 Tobacco Products ................
22 Textile Mill Products ..............
23 Apparel and Other Textile Products ...
24 Lumber and Wood Products ........
25 Furniture and Fixtures .............
26 Paper and Allied Products ..........

2621 Paper Mills ....................
2631 Paperboard Mills ................

27 Printing and Publishing ............
28 Chemicals and Allied Products .......

2819 Industrial Inorganic Chemicals, nee ..
2821 Plastics Materials and Resins ......
2869 Industrial Organic Chemicals, nee ...
2873 Nitrogenous Fertilizers ...........

29 Petroleum and Coal Products .......
2911 Petroleum Refining ...............

30 Rubber and Misc. Plastics Products ...
31 Leather and Leather Products .......
32 Stone, Clay and Glass Products .....

3241 Cement, HydrauSc ..............
33 Primary Metal Industries ...........

33)2 Blast Furnaces and Steel Mats ......
3334 Primary Aluminum ..............

34 Fabricated Metal Products ..........
35 Industrial Machinery and Equipment ...
36 Electronic and Other Electric Equipment
37 Transportation Equipment ..........
38 Instruments and Related Products ....
39 Misc. Manufacturing Industries .......

 Total .........................

Census Region
Northeast .............................
Midwest ..............................
South ................................
West ................................
Total ...............................

Value of Shipments' (million dollars)
Under 20 .............................
20-49 ................................
50-99 ................................
100-249 ..............................
250-499 ..............................
500 and Over ..........................
Total ...............................

Employment Size*
Under 50 .............................
50-99 ................................
100-249 ..............................
250-499 ..............................
500-999 ..............................
1,000 and Over ........................
Total ...............................

W 
10 

6 
33 
29 
23
4
5
7

28
8

10
W
15

0
6
6

W
31
16
Q
8
8

23 
19 
16 
13 
12 
14 
18 
3

9
12
6
4
5
5
3

16
23

6
5
4
4
3

11
12
8

43
38
31
4
B
7

28
6

14
11
15
0
7
7

10
48
16
Q
8
8

23
25
16
17
27
14
19
3

13
11
7
5
6
6
3

21
17
8
6
5
5
3

W 
17 
12 
Q 

43 
34
5
6
9
0

14
15 
W 
18
0 

10 
10 
W 
35 
42
Q 

11 
11
0 

29 
32 
22 
10 
23
Q
4

5
23

6
13

4

14
24

9
7
7
7
4

27
39

37
0
Q
0
0
Q

11
W
19

0
39

0
0

W
0

21
21
Q
0

Q
0

W
W
0

W
Q
Q

26
W
0
8

12
38
12
21

49
27
22
27
12
14

0 
Q

31
14
27
11
8

8 
13 
8 
Q 
Q 

40
5
6
8

27
6

17
12
17

0
7
7

11
a

14
35
10
10
23
27
18
17
38
15
22

3

14
7
7
5
6
6
3

23
17
7
6
5
6
3

29
W 
13
Q 

37 
39

7
9 

13 
46 
14 
25 
15 
15
0

11
12
13 
Q 

17 
28 
16 
W 
23 
44 
28 
25 
21 
20 
31 
6

14
8

16

17
20
13
6
9

11
6

35
19
14
9
9

11
8

20 
W
17
0
0
0

11
15 
18
0 

15 
W 
W 
W
0 

18 
18 
36
Q 

15 
15 
17 
W
0 

W
0

39 
30 
W
Q
7

14
18

8
15

7

24
18
16
12
14
13

7

0 
Q 
13 
12
12
11

7

21 
0 

24 
Q 
Q 
Q 

22 
W 
21 
Q 

25 
Q 
W 
30 

0

32 
0

32
W
32

0
0
Q
Q

38
13
Q

39
7

13
11
12

29
21
17
10
12
10

7

Q 
31 
11 
13
13
14

7

Q
0
Q
0
Q
Q

25
W
25

0
39

0
0

39
0

18
18
0
0
Q
Q
W
W
0

W
W
W
W
0
0

13

20
20
21
25
13

Q 
35 
30 
22
16
23
13

0 
Q

31
17
23
19
13

3 "Alternative types of energy" consist of those that could have been substituted for residual fuel oil during 1988. The quantities are expressed as the percent of 
residual fuel oil that could have been displaced by the given alternative type of energy.

The estimates of total consumption include those quantities that were ascertained switchable or not switchable, plus an additional quantity for which the switching 
status was not ascertained.

0 "Electricity Receipts" represents those quantities of electricity generated off the manufacturing establishment site and available at the site for consumption, it 
includes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities for 
which payment was made in kind. It does not include electricity generated onsite. "Electricity Receipts" has not been adjusted to account for any quantities that might 
have been resold or transferred out. The estimates include those quantities that were ascertained switchable or not switchabie, plus an additional quantity for which the 
switching status was not ascertained.

d "Other" includes all other types of energy not already identified that respondents indicated could have been consumed in place of residual fuel oil.
D See Appendices A and E for descriptions of the Standard Industrial Classification system.
f Value of Shipments and Employment Size were supplied by the Bureau of the Census. See Appendix A.
W=Withheld to avoid disclosing data for individual establishments. Date are included in higher level totals.
Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level totals.
Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form ESA-846, "1988 Manufacturing Energy 

Consumption Survey."
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Table 20. Relative Standard Errors for Table 6
(Percent)

Selected Characteristics

Coal and Coke

Total 
Consumed6 Switchable

Not 
Switchable

Alternative Types of Energy3

Electricity 
Receipts0

SIC Industry Groups
Coda6 and Industry

20 Food and Kindred Products .........
21 Tobacco Products ................
22 Textile Mill Products ..............
23 Apparel and Other Textile Products ...
24 Lumber and Wood Products ........
25 Furniture and Fixtures .............
26 Paper and Allied Products ..........

2621 Paper Mills .....................
2631 Paperboard Mills .................

27 Printing and Publishing ............
28 Chemicals and Allied Products .......

2819 Industrial inorganic Chemicals, nee ...
2821 Plastics Materials and Resins .......
2869 Industrial Organic Chemicals, nee . . .
2873 Nitrogenous Fertilizers ...........

29 Petroleum and Coal Products ........
2911 Petroleum Refining ...............

30 Rubber and Misc. Plastics Products ....
31 Leather and Leather Products ........
32 Stone, Clay and Glass Products ......

3241 Cement, Hydraulic ...............
33 Primary Metal Industries ............

3372 Blast Furnaces and Steel Mills .......
3334 Primary Aluminum ...............

34 Fabricated Metal Products ..........
35 Industrial Machinery and Equipment ...
36 Electronic and Other Electric Equipment .
37 Transportation Equipment ..........
38 Instruments and Related Products ....
39 Misc. Manufacturing Industries ........

 Total ..........................

Census Region
Northeast .............................
Midwest ..............................
South ................................
West ................................
Total ...............................

Value of Shipments' (million dollars)
Under 20 .............................
20-49 ................................
50-99 ................................
100-249 ..............................
250-499 ..............................
500 and Over ..........................
Total ...............................

Employment Size'
Under 50 .............................
50-99 ................................
100-249 ..............................
250-499 ..............................
500-999 ..............................
1,000 and Over ........................
Total ...............................

W
14

g
44
42
26

4
4
7
0
6

W
11
15

0
10
10
14
50

6
6
5
6
0

11
14
16
W
39
38

3

7 
4 

W 
W 
3

12
6
5
4
6
5
3

33
17
4
8
5
4
3

W 
W 
11 
47 

0 
37

4
5
8
0
8

W
13
18
0

12
12
20
Q
6
5

14
15

0
22
17
20
12
39
39

3

14 
6 

W 
W 
3

12
6
7
6
6
8
3

Q 
14
5
6
8
5
3

14
W
13
Q

42
22
5
5

11
0
8

14
12
21
0

16
16
17 
Q
10 
9 
6 
6 
0

13
17
18 
W 
39 
48 

4

8
5
6

10
4

18
g
6
5
7
5
4

46
23
6

10
6
5
4

Natural 
Gas

Distillate 
Fuel Oil

47 
0 

W
Q
0

9
10 
W
0 

13
0
0 

W
0 

W 
W
0
0 

W 
W 
33 
W
0

w
Q 
0

w 
w
0

11

23
46

9
17
11

22

29
14
26
15
11

Q
0

27
30
16
10
11

12 
38 
14 
Q 
0 

43
5
6

11
0

11
22
16
19
0

14
W
20
Q
7
6

14
15
0

21
18
20
12

0
40
4

10
7
5
8
4

13
7
9
8
8
9
4

O
15
6
8

11
6
4

Residual 
Fuel Oil LPG

14
W
19
Q
0

42
7
7

16
0

11
W
w
23

0
12 
W 
33 

0 
9 
7

30
14

0
33
20
37
13
W
0
5

14
7
6

17
5

22
9
8
7
9

14
5

Q 
16
7
8
9

10
5

14
13
11
Q
0

32
6
6
9
0
9

W
16
0
0

14
14
W
0

10
g

14 
14

0 
27 
29 
34 
16 
W 
44

4

16
9
5

15
4

29
10

9
6
7

10
4

Q 
21 

8 
8 
8 
7 
4

Other"

28
0 

25
Q
0 

43 
20 
W 
30

0 
35

0 
W 
W

0
27 
W
0
Q 
W 
W 
W 
W
0
0 

41
0 

18
0 

36 
14

17
13
22

0
14

23 
20 
Q
17
18
27
14

Q 
28 
24
15
15
24
14 10

3 "Alternative types of energy" consist of those thai could have been substituted for coal and coke during 1988. The quantities are expressed as the percent o 1 
and coke that could have been displaced by the given alternative type of energy.

b The estimates of total consumption include those quantities that were ascertained switchable or not switchable, plus an additional quantity for which the switch 
status was not ascertained.

c "Electricity Receipts" represents those quantities of electricity generated off the manufacturing establishment site and available at the site for consumption. It 
includes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities to 
which payment was made in kind. It does not include electricity generated onsite. "Electricity Receipts" has not been adjusted to account for any quantities that i 
have been resold or transferred out. The estimates include those quantities that were ascertained switchable or rot switchable, plus an additional quantity for wh' 
switching status was not ascertained.

d "Other" includes all other types of energy not already identified that respondents indicated could have been consumed in place of coal and coke.
8 See Appendices A and E for descriptions of the Standard Industrial Classification system.
' Value of Shipments and Employment Size were supplied by the Bureau of the Census. See Appendix A.
*=Estimate less than 0.5 rounded to zero.
W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.
Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level totals.
Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-846, "1988 Manufacturing Energy 

Consumption Survey."
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Table 21. Relative Standard Errors for Table 7
(Percent)

Selected Characteristics

LPG

Total 
Consumed11 Switchable

Not 
Switchable

Alternative Types of Energy3

Electricity 
Receipts0

Natural 
Gas

Distillate 
Fuel Oil

Residual 
Fuel Gil

Coal and 
Coke Other"

SIC Industry Groups 
Code8 and Industry

20 Food and Kindred Products ..........
21 Tobacco Products .................
22 Textile Mill Products ...............
23 Apparel and Other Textile Products ....
24 Lumber and Wood Products .........
25 Furniture and Fixtures ...............
26 Paper and Allied Products ..........

2621 Paper Mills .....................
2631 Paperboard MKte.................

27 Printing and Publishing .............
28 Chemicals and Allied Products ........

2819 Industrial Inorganic Chemicals, nee . . . 
2821 Plastics Materials and Resins ......
2869 Industrial Organic Chemicals, nee ... 
2873 Nitrogenous Fertilizers ...........

29 Petroleum and Coal Products ........
29? 1 Petroleum Refining ...............

30 Rubber and Misc. Plastics Products ....
31 Leather and Leather Products ........
32 Stone, Clay and Glass Products ..... 

324? Cement, Hydraulic ...............
33 Primary Metal Industries ...........

33 12 Blast Furnaces and Steel Mills .......
3334 Primary Aluminum ...............

34 Fabricated Metal Products ..........
35 Industrial Machinery and Equipment ...
36 Electronic and Other Electric Equipment,
37 Transportation Equipment ..........
38 Instruments and Related Products ....
39 Misc. Manufacturing Industries ........

Total .........................
Census Region

Northeast .............................
Midwest ..............................
South ................................
West ................................
Total ...............................

Value of Shipments' (million dollars)
Under 20 .............................
20-49 ................................
50-99 ................................
100-249 ..............................
250-499 ..............................
500 and Over ..........................
Total ...............................

Employment Size*
Under 50 .............................
50-99 ................................
100-249 ..............................
250-499 ..............................
500-999 ..............................
1,000 and Over ........................
Total ...............................

W
15
12
37
16
19
8
7
8

23
11
15
13
14

ft

7
7 

W 
25 
10

12
14

8 
12 
15 
31 
13
Q 

39
5

W
W
7
9
5

15
8
7
6

10
8
5

23
11

8
6
7

11
5

27

13 
Q 

32 
39
12
14
18
Q

11
20
16
19
0
7
7

18

14

11 
W

*

20 
26
Q 
12
Q 

33
6

W 
W 
12 
10 

6

20
17
10
9

11
9

28
15
11
9
8

15
6

Q 
16 
16 
43 
20 
22 
9
7
8

26
15
25
22
22

11
11
18
23
15

20 
W
9 

14 
20 
20 
17 
30 
23

7

10
22

9
13
7

23
10
10
8

11
12
7

30
15

9
10
12
11

7

0 

Q
ir 

6

33

0
20
15

15

27
0
0

35

47

15

47
24
16
21
15

44
15
22
26
22
16
15

Q 
46 
35 
15 
25 
22 
15

30
0 

14
Q 

42
44
24
16
19
Q

11
21
16
19
0
8
8

24

15

12 
W

21
33
Q 
12

12
8

13
11
6

24
20
12
10
12

32
16
12
9
8

15
6

49
0

47

15 
W 
0

26
36

0
11 
W 
27

18

24

46
39

Q 

9

12
16
12
15
9

32
39
12
17
18
12
9

49
26
16
14
12
22

9

0 
31

0 
Q

0
17

0
8
8

0
14
0

0
0
8

25
11
12
12

Q 
25 
17 
24 
13 
10

Q 
50 
14 
12 
W 
W 
8

0
0
0
0
0

0 
0 
0 
0 
0 
0 
0 
0 

26 
W 
0 
0 
0 
0

0
0

0

25

W

W 
25

Q 
0

W 
25

W

25

Q
21

0
20
20

43

23

0 
31 
Q

15

20
26
14
26
15

27
27
44
16
17
22
15

44
39
38
18
23
23
15

a "Alternative types of energy" consist of those that could have been substituted for LPG during 1988. The quantities are expressed as the percent of LPG that could 
have been displaced by the given alternative type of energy.

b The estimates of total consumption include those quantities that were ascertained switchable or not switchable, pius an additional quantity for which the switching 
status was not ascertained.

c "Electricity Receipts* represents those quantities of electricity generated off the manufacturing establishment site and available at the site for consumption. It 
includes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities for 
which payment was made in kind. It does not include electricity generated onsite. "Electricity Receipts" has not been adjusted to account for any quantities that might 
have been resold or transferred out. The estimates include those quantities that were ascertained switchable or not switchable, plus an additional quantity for which the 
switching status was not ascertained.

d "Other" includes all other types of energy not already identified that respondents indicated could have been consumed in place of LPG.
8 See Appendices A and E for descriptions of die Standard Industrial Classification system. 

Value of Shipments and Employment Size were supplied by the Bureau of the Census. See Appendix A.
*=Estimate less than 0.5 rounded to zero.
W=Withhe!d to avoid disclosing data for individual establishments. Data are included in higher level totals.
Q=Withheid because Relative Standard Error is greater than 50 percent. Data are included in higher level totals.
Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-846, "1988 Manufacturing Energy 

Consumption Survey."
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Table 22. Relative Standard EErrors for Table 8
(Percent)

Type of Energy and 
Minimum Leadtime to Switch 15

Electricity Receipts0 (million kilowalthours) 
Less than one day .................
One day through one week ...........
More than one week but within 30 days . . 
Leadtime not ascertained ............
Total ..........................

Natural Gas (billion cubic feet) 
Less than one day .................
One day through one week ...........
More than one week but within 30 days . . 
Leadtime not ascertained .............
Total ..........................

Distillate Fuel Oil (thousand barrels) 
Less than one day .................
One day through one week ...........
More than one week but within 30 days . . 
Leadtime not ascertained ............
Total ..........................

Residual Fuel Oil (thousand barrels) 
Less than one day .................
One day through one week ...........
More than one week but within 30 days . . 
Leadtime not ascertained ............
Total ..........................

Coal and Coke (thousand short tons) 
Less than one day .................
One day through one week ...........
More than one week but within 30 days .. 
Leadtime not ascertained ............
Total ..........................

LPG (million gallons) 
Less than one day .................
One day through one week ...........
More than one week but within 30 days . . 
Leadtime not ascertained ............
Total ..........................

Total 
United States

10
14
26
5

8
14
21
13
8

3
6
11
27
3

4
6
7
14
3

8
9
15
15
6

Quantity Switchable3

Northeast

14 
14 

40 
Cl 

16

10
4

11
21
22
23
10

7
9

14
17

5

10
28
33
O

14

13 
W 
23 
25 
W

Census Region

Midwest

9
17
17
45

11
27
48
27
26

7
13

14
20

6

7
12
10
22

6

9 
W 
17 
37 
W

South

9
8

23
30

8

15
28

32
16
12

5
9

10 
Q 
4

5
6 

W 
18 
W

7 
19
Q 

24 
12

a A specific type of energy may be switchable if the combustors had the necessary machinery or equipment in place so that the substitution could have been 
introduced within 30 days, while holding output constant, and without extensive modifications to the combustor. See Appendix A for more details. The estimates ::• 
quantities switchable represent the total consumption during 1988 that could have been replaced by an alternative fuel within the standard leadtime. These arnou "t? 
can also be interpreted as the amount of 1988 consumption that could have been avoided if all possible switching within the leadtime had taken place.

b 'Time to switch" represents the minimum leadtime required to convert to a primary replacement type of energy in place of the indicated type of energy.
c "Electricity Receipts" represents those quantities of electricity generated off the manufacturing establishment sit© and available at the site for consumption. It 

includes those quantities for which payment was made, quantities transferred in, quantities purchased and pad for by a central purchasing entity, and quantities fci 
which payment was made in kind. It does not include electricity generated onsite. "Electricity Receipts" has not been adjusted to account for any quantities that mi:hi 
have been resold or transferred out. The estimates include those quantities that were ascertained switchable or not switchable, plus an additional quantity for wh V' l''t 
switching status was not ascertained.

W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.
Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level totals.
Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-846, "1988 Manufacturing Energy 

Consumption Survey."
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Table 23. Relative Standard Errors for Table 9 
(Percent)

Type of Energy and 
Minimum Leadtime to Switch2 Total United 

States

Census Region

Northeast Midwest South West

From Natural Gas (billion cubic fee!) 
Less than one day .................
One day through one week ...........
More than one week but within 30 days .. 
Leadtime no! ascertained ............
Total ..........................

From Distillate Fuel OH (thousand barrels) 
Less than one day .................
One day through one week ...........
More than one week bu! within 30 days .. 
Leadtime not ascertained ............
Total ..........................

From Residual Fuel OH (thousand barrels) 
Less than one day .................
One day through one week ...,,.,....
More than one week but within 30 days .. 
Leadtime not ascertained ............
Total ..........................

From Coal and Coke (thousand short tons) 
Less than one day .................
One day through one week ...........
More than one week but witiin 30 days .. 
Leadtime not ascertained ............
Total ..........................

From LPG (million gallons) 
Less than one day .................
One day through one week ...........
More than one week but within 30 days . . 
Leadtime not ascertained ............
Total ..........................

14
10
30

27 
Q

28
49
19

10
20
27
31

8

13
11
29

0
11

15 
Q 

27 
45 
15

21 
23 
19 
Q 

12

19 
Q

46 
Q

33

W 
27
Q 

35 
12

34
20
38

0
23

Q

47

43
17
16
33
14

29 
Q 
Q 

25 
32

W 
Q 
Q 
0 

38

Q 
26 
38

0 
46

W 
Q

24 
Q

24

11 
21 
19 
Q 
9

37
32
41

34

14
33

31
35
12

W
W
Q
0
9

W 

W 

16

17 
39 
28 
Q

15

Q 
0 
0 
0 
Q

23
44
0
0

21

W
W
0
0

17

W 
W 
30

21

a 'Time to Switch" represents the minimum teadttme required to convert to a primary replacement type of energy in place of the indicated type of energy. 
*=Esttmate less than 0.5 rounded to zero.
W=Withheld to avoid disclosing data lor individual establishments. Data are included in higher level totals. 
Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level totals.
Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-846, "1988 Manufacturing Energy 

Consumption Survey."
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Table 24. Relative Standard Errors for Table 10
(Percent)

Type of Energy and 
Minimum Leadtime to Switch3

From Electricity Receipts'3 (million kilowatthours) 
Loss than one day ......................
One day through one week ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ...............................

From Distillate Fuel Oil (thousand barrels) 
Less than one day ......................
One day through one week ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ...............................

From Residual Fuel Oil (thousand barrels) 
Less than one day ......................
One day through one week ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ...............................

From Coal and Coke (thousand short tons) 
Less than one day ......................
One day through one week ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ...............................

From LPG (million gallons) 
Less than one day ......................
One day through one week ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ...............................

Total United 
States

Census Region

Northeast Midwest

6
15
16
42

6

8
17
24
13

7

4
7
8

26
3

5
8
8

13
4

8
10
19
16
6

W 
W 
44 
Q 

23

13
23
24
22
10

7
10
15
17

6

11 
W 
Q 
Q' 

10

16
17
26
22
12

10 
28 
19 
Q 
9

13 

30 

Q 

29 

21

8
16
16
18

7

8
13
11
20

7

9
34

24

30
8

South

10
8

31
34

9

17
31
46
17
14

5 
11 
11 
Q
4

14
17

5

7 
21

Q 
29 
13

West

If:

a 'Time to Switch" represents the minimum leadtime required to convert to a primary replacement type of energy in place of the indicated type of energy.
b "Electricity Receipts" represents those quantities of electricity generated off the manufacturing establishment site and available at the site for consumption. It 

includes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities for 
which payment was made in kind. It does not include electricity generated onsite. "Electricity Receipts" has not been adjusted to account for any quantities tha: migh: 
have been resold or transferred out. The estimates include those quantities that were ascertained switchable or not switchable, plus an additional quantity for which f 
switching status was not ascertained.

W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.
Q=Wi1hheld because Relative Standard Error is greater than 50 percent. Data are included in higher level totals.
Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Divis: on, Form EIA-846, "1988 Manufacturing Energy 

Consumption Survey."
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Table 25. Relative Standard Errors for Table 11 
(Percent)

Type of Energy and 
Minimum Leadlime to Switch3 Total United 

States

Census Region

Northeast Midwest South West

From Electricity Receipts6 (million kilowatthours) 
Less than one day ......................
One day through one week ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ...............................

From Natural Gas (billion cubic feet) 
Less than one day ......................
One day through one week ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ...............................

From Residual Fuel Oil (thousand barrels) 
Less than one day ......................
One day through one week ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ...............................

From Coal and Coke (thousand short tons) 
Less than one day ......................
One day through one week ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ...............................

From LPG (million gallons} 
Less than one day ......................
One day through one week ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ...............................

13
15
18
38
10

10
39
6

5
8
9

20
5

15
18
9

32

46 
15 
39 
Q

23

10
8

14
6

17
13
13
34

8

W 
W
18 
Q 
14

19
41
18

12

13
33
20
48
13

5
6
7

11

15
30
20
28
14

W 
21 
W
7

29
28
17 
Q 

16

24 
16 
33 
Q 

18

5
8
7

10
4

18 
11 
11 
Q

9
12
11
28

6

16
34
15
38
12

17
39
50

25

8
8

11
16
5

16
15
44
27
16

W 
W 
19 
0 

17

22
23
17

15

a 'Time to Switch" represents the minimum teadtime required to convert to a primary replacement type of energy in place of the indicated type of energy.
b "Electricity Receipts" represents those quantities of electricity generated off the manufacturing establishment site and available at the site for consumption. It 

includes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities for 
which payment was made-in kind. It does not include electricity generated onsite. "Eieetriciiy Receipts* has not been adjusted to account for any quantities that might 
have been resold or transferred out. The estimates include those quantities that were ascertained switchable or not switchabte, plus an additional quantity for which the 
switching status was not ascertained.

*=Estimate less than 0.5 rounded to zero.
W=Withheld to avoid disclosing data for individual establishments. Data are Included in higher level totals.
Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level totals.
Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-S46, "1988 Manufacturing Energy 

Consumption Survey."
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Table 26. Relative Standard Errors for Table 12
(Percent)

Type of Energy and 
Minimum Leadtime to Switch15

From Electricity Receipts6 (million kilowatlhours) 
Less than one day ......................
One day through one week ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ...............................

From Natural Gas (billion cubic feet) 
Less than one day ......................
One day through one week ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ...............................

From Distillate Fuel Oil (thousand barrels) 
Less than one day ......................
One day through one week ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ...............................

From Coal and Coke (thousand short tons) 
Less than one day ......................
One day through one week ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ...............................

From LPG (million gallons) 
Less than one day ......................
One day through one week ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ...............................

Total United 
States

Census Region

Northeast Midwest South

9
9

16
50

7

3
4
5
7
2

15
30
29

31
20

6
7

10
14
4

10
16
15

8

15 
W 
W 
Q 

14

7
9

13
15
5

32
26
28
40
21

W 
27 
W 
Q 

16

0
28

0
25

16 
15 
19 
Q 

10

5
6
8

13
4

Q 

W 

Q 
42

Q

13
13
20
21

9

13
19
23

0
11

19 

10 
26 

Q 
13

5
7
8

12
4

28
47
24
32
20

7
7

11
16

5

18 
W 
W

12

West

11 
W 
W 
Q 

17

6
9

12
If.

20 
W 
W

W 
29
W

a 'Time to Switch" represents the minimum leadtime required to convert to a primary replacement type of energy in place of the indicated type of energy.
b "Electricity Receipts" represents those quantities of electricity generated off the manufacturing establishment site and available at the site for consumption. It 

includes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities for 
which payment was made in kind. It does not include electricity generated onsite. "Electricity Receipts" has not been adjusted to account for any quantities that rnkjlr. 
have been resold or transferred out. The estimates include those quantities that were ascertained switchable or not switchable, plus an additional quantity for which th-s 
switching status was not ascertained.

*=Estimate less than 0.5 rounded to zero.
W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.
0=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level totals.
Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-846, "1988 Manufacturing Energy 

Consumption Survey."
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Table 27. Relative Standard Errors for Table 13 
(Percent)

"Type of Energy and 
Minimum Leadtime !o Switch3 Total United 

States

Census Region

Northeast Midwest South West

From Electricity Receipts'3 (million kilowatthours) 
Less than one day ......................
One day through one week ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ...............................

From Natural Gas (billion cubic feet) 
Less than one day ......................
One day through one week ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ...............................

From Distillate Fuel Oil (thousand barrels) 
Less than one day ......................
One day through one week ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ...............................

From Residual Fuel Oil (thousand barrels) 
Less than one day ......................
One day through one week ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ...............................

From LPG (million gallons) 
Less than one day ......................
One day through one week ................
More than one week but witiin 30 days .......
Leadtime not ascertained .................
Total ...............................

10 
18 
36 
W 
11

6
10
9

18
5

16 
Q

32 
Q
15

8 
13 
16 
Q
7

W 
Q

25

25
W 
Q 
0 

W

17 
Q 
W 
27 
14

Q 
0 
Q 
Q 

37

19 
W 
W 
Q 
14

19 
W 
Q 
0 

25

13
14
19

7

26 
Q 
Q 
W 
26

17 
W 
W 
47 
18

W 
Q

*

0 
W

W 
12 
45 
W 
12

15
12
36

22

43
26
27

11
13
37
48

8

W 
0
Q 
0

W

16 
W 
W

12

25
0
Q
0

24

16 

W 

0 

0

15

W 
0 
0
*

W

* 'Time to Switch" represents the minimum leadtime required to convert to a primary replacement type of energy in place of the indicated type of energy.
" "Electricity Receipts" represents those quantities of electricity generated off the manufacturing establishment site and available at the site for consumption. It 

includes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities for 
which payment was made in kind. It does not include electricity generated onsite. "Electricity Receipts" has not been adjusted to account for any quantities that might, 
have been resold or transferred out. The estimates include those quantities that were ascertained switcrtaWe or not switchable, plus an additional quantity for which the 
switching status was not ascertained.

*=Estimate !ess than 0.5 rounded to zero.
W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals. 
Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level totals.
Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-846, "1988 Manufacturing Energy 

Consumption Survey."
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Table 28. Relative Standard Errors for Table 14
(Percent)

Type of Energy and 
Minimum Leadlime to Switch3

From Electricity Receipts6 (million kilowatthours) 
Less than one day ......................
One day through one week ................
More than one week but within 30 days .......
LeadBme not ascertained .................
Total ...............................

From Natural Gas (billion cubic feet) 
Less than one day ......................
One day through one week ................
More than one week but within 30 days .......
Leadlime not ascertained .................
Total ...............................

From Distillate Fuel Oil (thousand barrels) 
Less than one day ......................
Ons day through one week ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ...............................

From Residual Fuel Oil (thousand barrels) 
Less than one day ......................
One day through one week ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ...............................

From Coal and Coke (thousand short tons) 
Less than one day ......................
One day through one week ................
More than one week but within 30 days .......
Leadtime not ascertained .................
Total ...............................

Total United 
States

Census Region

Northeast Midwest

10
11
23
47
12

14
16
31

27
20

9
12 
10 
Q
7

18

20
20
22
14

W 
W 
Q 
Q 

28

10
13
12
19
6

18
30
26
45
20

19 
W 
W 
0

13

0 
W 
17
Q 

17

W 
W 
W 
Q 
18

5
8
8

14
4

21 
W 
Q 
Q 
Q

14
19
18

0
11

W 
W 
16 
W 
13

South

16
13
46
40
28

7
9
7

12
5

23
30
35
39
26

21 
19 
17 
Q 

12

W 

W 

30 

0 

22

West

13

29 
V! 
W 
50

a 'Time to Switch" represents the minimum leadtime required to convert to a primary replacement type of energy in place of the indicated type of energy.
0 "Electricity Receipts" represents those quantities of electricity generated off the manufacturing establishment site and available at the site for consumption. It 

includes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities for 
which payment was made in kind. It does not include electricity generated onsite. "Electricity Receipts" has not been adjusted to account for any quantities that might 
have been resold or transferred out. The estimates include those quantities that were ascertained switchab: e or not switchable, plus an additional quantity for which fe 
switching status was not ascertained.

W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.
Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level totals.
Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-846, "1988 Manufacturing Energy 

Consumption Survey."
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Consumptiplilillgr (MECS) has been- designed by the Energy Information 
infoimiaiog^^^^ energy consunj,p||% in the manufacturing sector. It 

is th'dijM^p. be completed; . : T||;;||i|||iffieey collected darta|lpering the year 1985. The MECSis ^i;'i(J*ii||^ conducted everyfli||a|i*;- : ;E • •'•:.-: '' 1:*r . •

and statisti?ljjii^oents in the 1988;:|||es. Most importantly, the 1988 
uring secl;|||||g;::||verage is more:eo;i||(ete than that of the 1985 MECS, 

smallest manu;ilpi|||S|itablishments. :||iSlthe 1988 MECS collected both
data collecti|i|"fbrm. These were two separate

CS. Fuel;swa|||||:;;|i&s to the capafeilpi-of manufacturers to substitute 
actually consu^|«|988^ The fuel-swit||iag data are presented in this 

^ ^tl||i;|||lii|fe:.;presented in an: i|a||ier report.29 Finally, the 1988 
to a^w.n*i|l|^^ time of the 1985 survey), and 

that slj:|^|i|cat:ed electricity/ -' "*« r

^llpSlftiiWII0116^011 for :t)biis|;||||^Jwais::the msmtiMgjj^ establishment. A nationally 
*i>SiD^^K;^|||^^pfese establishme^3||||^ mailed questionnaires. The 

^^^^^^^fe^0163111 of the G|l|||||^cted the MECS;limple according to EIA design 
^"•^jlllllilllhe. fieldwork; and::n||||p:Sdata processing, aggpwith EIA input.

T^fe;'3|5pp|Wi|l:;jppip|li|i|i|:;siujnmary of the del|p||ii||^i|aplementation proclpiires for the survey and describes 
the'^]^^^^^^^i!p!ed-in this reporl|;||i|p||:;details relating to ::i||iackground of the survey, forms.
designSL|iS^^^f;^iSitimation prb<K|||g|^|;bl.found in the.ap|lp|ices to the consumption report. 
This ^]p^^|l^||^nts' a brief overview^:||:il:|ep;;;topics and descdj^nhe changes made for the 1988siiufreyf'.^fgf^gSSSF'•' ' ; " '."^^p*" :V.' - : ' : '-',:^^'-

of|u|||||H|||:;that was develo||||:prior to the 1985 survey. After -«».p«««»**«**,« »_.,. *~~<.:~* ,),,..„ ,,M xiii,,™,ai,*,:: J;_ i-1 -pjQyidJgjj•fpt-jS& 1985 survey, EIA developed a
on the following! set of principles:

consunip|^|;||ersr for heat, pptw^aM onsite electricity generation 
«)mumed||l|i|ici:;or raw materiail||ute would not be considered.

on capab||||;||i|p;c|uM be done) 'rafitthan actual performance (what 
or future possili&|||||||wiat might be

period;"' .. .^v;^^^ - : : •••• : ' "-^

rin^ttdi^h^pil^KRttion, MartufxtHtmg^^^fjf&ffisionptKm Survey: ConsMotion of Energy 1988 DOEfPlA-
OSU(8S):ff^jji^f^^.T. :"': :-- v -"-:'^SE;.." : ' ' " '-"":-:.'
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4. Switching capability would be collected for the one-year reference, period used for MECS consumption 
data, to tie in with the consumption data and avoid seasonal bias,

5. The survey would measure short-term response capability; that is, actions that could have taken place 
within 30 days of a decision to switch.

6. Switching capability would reflect the total flexibility provided by an establishment's equipment 
configuration. Both multiple-fired equipment and redundant or backup equipment could contribute 
to capability.

7. The survey would measure in-place capability; that is, capability provided by equipment that was 
already installed, or was available at the establishment for installation during the reference period. 
Major modifications to the design capabilities of equipment and major capital expenditures were not 
to be considered in assessing capability.

8. Switching capability would be valid only if, following the switch from one type of energy to another, 
the establishment would have been able to maintain its actual production schedule during the reference 
period.

9. Switching capability provided by an establishment's equipment configuration could be limited or 
negated by legal or practical constraints such as binding supply contracts, interruptible service, 
environmental regulations, or unavailability of supply or delivery systems for a potential alternative.

10. Economic considerations were not to be considered a practical constraint in evaluating switching 
capability. The survey was designed to measure potential response to changes in economics or supply 
patterns.

The MECS obtained fuel-switching data by asking respondents to determine the amounts of 1988 energy 
consumption of six major types of energy that could have been switched to one or more alternatives in 
accordance with the previously listed principles. The six types of energy were purchased electricity, natural 
gas, distillate oil, residual oil, coal and coke combined, and LPG. (For the 1985 survey, LPG was not one of 
the major energy sources for which fuel-switching data were required.) Respondents were directed to provide 
the quantities of switchable consumption by subtracting the quantities that were not switchable from the 
quantities that were actually consumed during 1988. Such an approach is clear and saves burden on the 
respondent because it permits subtracting those quantities known to be nonswitchable because of any one of 
the various conditions discussed above, rather than adding up those quantities for which all aspects of the 
concept are satisfied. Once the total switchable quantities had been determined, the remaining task was to 
determine how much of each switchable quantity could have been replaced by specific alternatives.

Description of the Manufacturing Sector

The manufacturing sector consists of all manufacturing establishments in the 50 States and the District of 
Columbia. The working deSriition of an establishment is the definition stated in the Office of Management 
and Budget's Standard Industrial Classification (SIC) Manual.

... an establishment is an economic unit, generally at a single physical location, where business 
is conducted or where services or industrial operations are performed...

Where distinct and separate economic activities are performed at a single physical location 
(such as construction activities operated out of the same physical location as a lumber yard), 
each activity should be treated as a separate establishment where: (1) no one industry 
description in the classification includes such combined activities; (2) the employment in each 
such economic activity is significant; and (3) separate reports can be prepared on the number
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and salaries, isaies or receipts, and other types of establishment
^ -^^--

In-;aVl|t^^^^^^^^^|€ Manual describes the the types of operations engaged in by manufacturing

are] .^engaged in the mechanical or chemical transformation 
into nev^^pr|i|||ts. TJiese establishments ..are usually described as 
and c^ri^i|||fally use power driven machines and materials

'- Establishments e^g^eilin assembling compofient parts of manufactured
manufaeiu||||;;|f::IKe.new product is nMther a structure nor other 

included is;^;i|§i!iiing of materials sucft as lubricating oil, plastics, •'S^^^"""1™"1*""'

hierarchial clJis^ that groups, establishments according to their 
system divi|£||i||i|(j,anufacturing sector iitp> 20 major industrial groups that 

respect; :ifei :|)iliii|^iia:|ut. Each of these itiajor industrial groups is assigned 
codes for t}i^a|||i!i|f|tcturing sector range* from SIC 20, Food and Kindred

,Proci[i||fill^^ Eacii major group is subdivided into
dMded:in||^|||ii<iigit industries. Forexample, SIC 20 includes SIC 201, 

is subdivjded;:iil||pC:2011, Meat Packiing; Plants; SIC 2012, Sausages and 
SIC 2016, PoultpHlssing Plants; and SIC 2017, Poultry and Egg Processing.

most importa;i|||iisifkation variable . in the MECS data system, both for
for analyzin|:^i||||||iCS.data. The categories of primary interest for both the

20 major mdtS|c|l||pups (SICs 20 throu|f 39) and the 10 most energy-con-
A description |f these 20 major industrial groups 

Appendix. E;;';,;:.; : yjS^ .:."

classification se||ii|; presented in the 1987 edition of the manual. The 1985
|l|ijj:|72 through 1977rS|c|M|nual. For the most p|irt, the revisions were minor and
||||ili||e:MECS estimat(esll||3^ever, there was one^reiatively significant revision in the

way"-:q^^^^^^^^^^^^plants were classlj^^j^ttlie 1988 MECS as opposed to the 1985 MECS. If the
-pnniai^|g^^^^^^^^^bemical plant in ll||S!as a liquefied petroleuni gas (LPG), e.g., ethane, propane,

Petroleum :R^jHiii|l||iardless of how.the;i|pG was produced. For the 1988 
classified in Sl|(;|||i;pn3y if the LPG was^roduced by a refinery process. If

.the-I^^^^^^^^^^^chemical process, |||i;il||ib|lshment was classified in organic chemicals (SIC 2865
the estiffla|^;|||:;:SIC's 2911, 2865, an<|.;;2869 between 1985 and 1988, the

readleiipj^ account. A conjparability study is currently being
of the changed^J|iltfte new edition. Results will be available in the fall of 

... .i:Iy; ;, : - .

'.'-:-:7'^^^^^^^c. The Siii|||§ Frame ands
Sector

coverage over ;||f |9J5"MECS. : The 1988;MECS estimates are for the entire
rawsa^^^^f^^gji^^ 1985 estimates es|Jia||:i|: ^he smallest estabUslunents from coverage. Therefore,

readers who: wis^lJliiflijEittpare 1985 with 1988-estimates. EIA estimates that the
2 to 3 per<x||||peral! 1988 energy consumption. The percentage varies

by SIC's with manyispail establishments, such as Apparel (SIC 23) and Leather

_ :t, Stmdardlnduft^l£^ssiftcadon Manual, 1987 (Washington, DC, 1987), p. 12. 
^^fi^SKHO^^^^^^tadgiet, Standa-dln&st^Qiattijication Manual, 1987, p. <S7.
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(SIC 31), the percentage difference is much larger. In SIC's dominated by large establishments, such as 
Chemicals (SIC 28) and Pulp and Paper (SIC 26), the coverage difference is negligible.

The 1988 MECS collected both consumption-related and fuel-switching data on the same questionnaire. Thus, 
no establishments were excluded beforehand from responding to the fuel-switching portion of the 
questionnaire as was the case in 1985. 32

As mentioned in the Introduction to this appendix, the Bureau of the Census serves as the collecting and 
compiling agent for the MECS. A major responsibility of the Industry Division of the Census Bureau is to 
conduct the Census of Manufactures (CM) and the Annual Survey of Manufactures (ASM). The CM is 
conducted for years ending in "2" or "7" (for example, 1982), and obtains economic data for the complete 
universe of approximately 350,000 manufacturing establishments in the United States. For the purpose of data 
collection, the CM universe is divided into two major subsets as follows:

1. Small Single-Establishment Companies Not Sent a Report Form. These companies are excused from 
filing a CM report. Generally, those with less than 5 employees are excused while all with more than 
20 are mailed report forms. Those with 5 through 20 employees are excused or sent a report form 
based on the magnitude of their annual payroll and shipments data. Approximately 125,000 
establishments are excused due to this criterion.

2. Establishments Sent a Report Form. The remaining manufacturing establishments in the universe are 
sent a report form.

The ASM is conducted during uon-CM years to provide estimates of economic characteristics for the universe 
of manufacturing establishments. As with the CM, the ASM contains two components. The mail portion is 
a probability sample of manufacturing establishments selected from the list of establishments that are sent the 
CM report form (see above). Those establishments are weighted so that they represent the mail portion of 
the CM universe. The second component of the ASM is the nonmail portion of the CM. These small 
establishments are not sent an ASM questionnaire, but their contribution to economic statistics is estimated 
based on selected information obtained annually from other Federal agencies.

The approach to building a sampling frame for the 1988 MECS was to update the 1985 MECS frame for 
changes in the population since that time. This was accomplished by the following means:

* The 1987 Census of Manufactures (CM) mail file list was separated into two groups according to 
whether an establishment was in operation before 1984."

• The establishments in operation before 1984 were represented by 1985 MECS sample establishments 
that were still in operation when the MECS was mailed in 1989. This was done by retaining 1985 
MECS sample establishments that were matched to the 1987 CM list. This group of establishments, 
called the holdover sample, retained the sampling weights based on their probabilities of selection for 
the 1985 MECS. (See "The Estimation Process" in this appendix.)

n A supplemental sample was drawn directly from those establishments on the 1987 CM list that came 
into existence after 1984. Together with the holdover sample, this supplement updated the sample to
represent the 1987 CM mail file.

3ZFor the 1985 MECS fuel-switching supplemental questionnaire, MECS respondents to the consumption questionnaire were 
excluded if (a) they did not return their consumption report in time for the fuel-switching questionnaire, and (b) they reported only 
consumption of electricity. See Energy Information Administration, Manufacturing Energy Consumption Survey: Fuel Switching, 1985, 
DOE/EIA-0515(85) (Washington, DQ 1988).

33The year 1984 was used as a cutoff because establishments that began operation during that year were omitted from the 1985 
MECS sample.
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by the Bureau of the Census. Thus, a final sample of 12,200 establishments were mailed a questionnaire. Of 
these, usable responses were received from 10,650 or 87 percent of those establishments. However, those 
respondents represented 96 percent of the total unweighted value of shipments and receipts of the final 
sample.

Fieldwork, Editing, and Quality Control

The 1988 MECS used customized questionnaires (see Appendix D) for specific industries, with similar energy 
consumption characteristics. The three questionnaires were:

• Form EIA-846(A). This questionnaire was sent to the majority of the sample and was used to collect 
the basic consumption, expenditure, and fuel-switching information.

• Form EIA-846(B). This questionnaire was sent exclusively to establishments in the petroleum refining 
industry (SIC 2911). The design of the questionnaire took advantage of the fact that other EIA surveys 
collect certain consumption and expenditure data from the refinery population. Thus, the EIA-846(B) 
did not require respondents to report on particular data items. The questionnaire also was used to 
collect data on nonfuel use and shipments of energy sources from adjoining petrochemical plants.

• Form EIA-846(C). This questionnaire was sent to establishments in the blast furnaces and steel mills 
industry (SIC 3312), producers of chemicals and allied products (SIC 28), and producers of petroleum 
and coal products other than petroleum refiners (SIC 29 excluding SIC 2911). It is identical to the 
EIA-846(A) except that the questionnnaire was used to collect additional information on shipments 
of energy sources produced onsite.

The questionnaires were mailed to the inscope MECS sample establishments on June 15, 1989. Returned 
questionnaires were subjected to initial screening procedures for completeness. Forms that were incomplete 
or that contained responses with obvious inconsistencies were set aside for review by industry specialists. Valid 
returned questionnaires were forwarded directly to check-in and then to data entry.

All forms that failed the initial screening procedures were carefully reviewed by industry specialists from the 
Census Bureau and EIA. The specialists obtained missing data and verified questionable items by telephone 
contact with the individual who completed the questionnaire. Once the forms were completed and verified, 
they were forwarded to check-in and to data entry.

The resulting MECS data file was then subjected to a series of computer edits. These edits included 
consistency checks against data items from other parts of the MECS and the 1988 ASM, as well as checks for 
outliers in the distribution of individual variables. Records with failed edits were reviewed and followed up 
by industry specialists.

Development of the Data File

The estimates in this report were developed from a data file consisting of directly reported values and of more 
complex measures derived from a combination of directly-reported values. The data relevant to the fuel- 
switching tables are for the most part aggregates of directly-reported values. The one exception is Table 8, 
which summarizes minimum leadtime necessary to switch from various fuels. These data were formed by an 
iterative process described in the section titled "Survey Estimates".

Reported values for fuel consumption and fuel switching consist of responses to the 1988 MECS questionnaire. 
The responses to the questionnaire for each responding establishment were supplemented by the following 
economic data:

• Value of shipments and receipts 
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y" = Y' - x' + x, (2)

where Y* is the adjusted ASM value, Y is the ASM sample estimate for the current year, X1 is the ASM 
sample estimate for the Censas year, and X is the Census total for the Census year.

As all ASM quantities are also collected by the CM, the ASM coverage adjustment can be done in summation 
form, customized to individual ASM variables. In order to have the MECS sample represent the 1988 MECS 
population as closely as possible, analogous adjustments for the MECS data items would be desirable. 
However, most data items collected by the MECS are not included on the CM. Data items included in the 
MECS are related to energy consumption and fuel switching, while ASM and CM data items are economic 
in nature. Therefore, a simple difference for corresponding items cannot be used to adjust MECS data as was 
done for the ASM data. Rather, a single measure collected on both the CM and the MECS was used to ratio- 
adjust all the MECS data items. The measure chosen was cost of fuels as it has shown a high correlation with 
energy consumption in the past.3*

Each MECS nonresponse-adjustecl weight was thus further adjusted by multiplying the weight by the ratio of 
cost of fuels as measured by the 1987 CM to the 1987 cost of fuels estimate based on CM reported data, but 
restricted to MECS respondents. This ratio was computed for each of the 30 MECS sampling strata (20 two- 
digit industry groups and 10 four-digit industries). The ratio adjustment to the MECS weights takes the 
following form:

CM

where Rs is the adjustment to the MECS nonresponse-adjusted weight in stratum s, CF^ is the 1987 cost of 
fuels value for establishment j in stratum j from the 1987 CM,M^i is the nonresponse-adjusted 1988 MECS 
weight for establishment i in stratum j, and CFM is the 1987 cost of fuels value for 1988 MECS sample 
establishment i in stratum s. The final adjusted weight for MECS respondents is its nonresponse-adjusted 
weights multiplied by the appropriate value of R,. That is,

where W^ is the final adjusted MECS weight for establishment i in stratum s, R, is the ratio adjustment based 
on cost of fuels for stratum s, and NW^ is the nonresponse-adjusted weight for establishment i in stratum s.

As was discussed in "The Sampling Frame and Its Relationship to the Manufacturing Sector," the adjustment 
of the sampling weights according to Equation (3) extends the MECS sample coverage to the entire 
manufacturing sector. This was not the case for 1985 when no CM-based ratio adjustment was performed.37 
The CM totals for cost of fuels includes the nonmail file imputed totals for cost of fuels as well as the mail 
file totals. Hence, by using the adjustment described in Equation (3), nonmail cases are also covered by the 
MECS.

^Correlation coefficients between 1981 ASM establishment values of total purchased fuels and electric energy and the cost of 
fuels and electric energy ranged from .78 to .98 within two-digit SIC categories. (Unpublished document, U.S. Department of 
Commerce, Bureau of the Census.)

37 The 1985 and 1988 MECS samples were both based on the 1982 CM file, augmented with updates to represent subsequent 
population changes as well as possible. Because the elapsed time between the 1985 MECS and the 1982 CM was shorter, there was 
less coverage degradation in the Erst cycle. As the 1987 CM and the 1988 MECS covered the same population, the adjustment 
described in Equation (3) is a natural one. However, there were no corresponding Census data available to adjust the 1985 MECS.
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For 
same

Istimates, the ratfo l!|iS|teent is not as advantageous as for others. Indeed, as the 
all estimates Mtliiiiiiilitain, it is possible thff the adjustment could affect some 

This problem isiisSisSea in greater detail iM Appendix B.

All capability appe|||[if /forthis .report were calculated by multiplying the data
weiglir..' Those weights establish the 

establis|t|||i||;:|uy:the manufacuail|jSector as defined for the MECS.

and the maximum consumption potential
of covered spec||p|i|!!l|f the tuetswUcMng |i||ion of the MECS. An estimate 
of type of en|||||||pided as a referenee|i0|nt. That consumption estimate
represfljl^ consumed: 6^|^§e; productiOH of^jjjajt, power, and the generation of

are ident^iBBlaes found in Tablel'ifthe consumption report, except
for fuel-switdEtg^^^^^idty quantity conlHered is electricity receipts found

(The^rlliiilllrising electricity reSli|ts are explained in this section.)

One-olfJ||||||g||||::||||lile 1 is to proyide;|i^;^^pte of the smallest possible quantity of a given type of
required .m:iil|||ilpSnf production eo|||uit), if all possible ascertained 

of energy hacl;;ta|^:!|i;agB, The quantftie^g|!itin the minimum consumption
colvcBB&^^^^^^^^^-to be Mgher.th^|f||il|iie: : niuiimam energy^ie|jiuirements because they include 
the qJa|||||^S|^||iiiamption for whi|fi|||||||i|g ^capability was Ipi ascertained. Some unknown

could likeiy^'||||fiieS: -replaced.

of the iiifocE^p^^fy^poiisumptibn^tlu^^iild have been possible if all 
type of energ||l||?:5ceurred. The. <KS||iites assume that all indicated 

possible aa^||i;:i|!||titutable amountJlpsists of the sum of all possible 
of energy.; : . ffi|ippiptioc of this Juntf-iS: necessary because there is no 
ability to switci^jSl&ineiiergy source.. "¥j^a&. that there is a given limit to a 

_f of an ener|^. :S|pi|i:;;poyide4 by the.tli||l;Jir6w'of the fuel-switching section
of Apperida'^^^j^e-l-!9«85'3S4ECS, :fib|e 1 had both a "high" and "low" 
estinue^^^^^^^^^ly consumption fctiiSllgy source. The high estimate employed the current

estimate a^u^i|g||r^vhen a type of ejiifewas reported as an alternative
a.single||||ptution was possible at any one

timcv coni^ted'^-l£^^^|^gesVswitchab|p^Dunt from any type of energy to 
the.. Because flie" :;ilt^^ and "low" estimates for

proved' to bf:^i|l||(::Inaall, EIA decide|'m :present only the high estimate-— ,-— ™- • -: -

of: :th f̂ substitutiii^_sjpternative types of energy for 
productlo|j|||||||i|;;:;|^ch table co'n:^||H|Drmation for the specific type

of for .ilbelf|ij||:ii|::of heat, power, ;|l|li!;generated electricity in 1988. It
oi'I^^Sj^Sii atoM :rec^^MK^^> while the first column

atotaLconsiintligil||i^ distillate fue||i| residual fuel oil, and coal and
quantities of e1i||i|i|| pnerated onsite aii;:!iBiluded as are the quantities of

techniques may Mijjijij/Sj$fy.wi. example. Assume f Respondent reported that the total
15 mimon.eutfeK|ii||Iiiit 2 million and 5 miljigiclbic feet of natural gas could have 

iual fuel oil and "coif ;lii|iliHVely. The "low" estimate of the maximum consumption of natural 
20 million cubic |esiMg|iid ..the Tiigh" estimate would have been 22 million cubic feet.
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electricity leaving the establishment site.3* When considering fuel-switching capabilities, total electricity 
receipts is a more meaningful quantity than total electricity consumption. A respondent who has onsite 
generation of electricity has, more than likely, used an additional amount of a combustible energy source to 
operate the generator. It is a valid question to ask, "how much of that self-generation is replaceable by 
electricity receipts?" However, it is more reasonable and of greater interest to collect the fuel-switching data 
for the fuel used to generate the electricity by asking respondents to show the quantity of electricity receipts 
that could replace the combustible fuel.

In Tables 2 through 7, the estimates provided in the columns labeled "alternative types of energy" should be 
read independently because respondents were instructed to enter the maximum amount of the quantity of the 
energy actually consumed, which could have been replaced by a given alternative. For example, Table 3 shows 
that for Paper and Allied Products (SIC 26), a total of 237 billion cubic feet of natural gas was ascertained 
switchable. Electricity receipts could have replaced 12 billion cubic feet of that quantity. The other 
replacement quantities are distillate fuel oil, 90 billion cubic feet; residual fuel oil, 151 billion cubic feet; coal 
and coke, 20 billion cubic feet; LPG, 12 billion cubic feet; and other, 3 billion cubic feet. Because each value 
represents the maximum quantity of natural gas that could have been replaced, their sum exceeds the total 
quantity of natural gas that was ascertained as switchable. This difference indicates that some establishments 
had more than one type of energy that could have been substituted for natural gas usage during 1988.

Table 8 presents estimates of the 1988 quantities of specific types of energy that could have been switched to 
an unspecified alternate energy type, categorized by the time required to make that switch. Each potential 
switch on the questionnaire had an associated leadtime.''0 The quantities in Table 8 represent the minimum 
leadtime for any possible switch out of an energy source. For cases in which a respondent had two or more 
possible alternatives that could substitute for the energy source under consideration, the fuel-switching 
capability was allocated in order of the descending leadtime to switch. For example, if a respondent indicated 
that the substitutable natural gas consumption could be switched into distillate fuel oil or LPG, the 
substitution that could be made within the shortest leadtime would be counted first. The remaining switchable 
natural gas consumption (if any) would be covered by the second alternative and assigned that leadtime. If 
there are more than two alternatives, the process is done iteratively in this fashion until the entire amount of 
switchable consumption is covered. This process ensures that the sum of the quantities of switchable fuel 
categorized by leadtime would exactly equal the total switchable consumption. (The total amount of switchable 
fuel is less than or equal to the sum of the quantities of replacement fuels). In addition, this process 
minimizes the overall leadtime of switching out of a fuel. It is based on the assumption that manufacturing 
establishments will make the most rapid substitution possible in a time of emergency.

Tables 9 through 14 present estimates of leadtimes to switch into the energy source under consideration from 
the major energy sources. The totals represent aggregations of specific cells on the fuel-switching section of 
the questionnaire. Each substitution is counted without regard to whether the substitution can be done 
simultaneously with another switch. This is not a problem as long as the totals are considered independently 
of each other. For example, if a respondent indicated that both coal and natural gas could be replaced by 
purchased electricity, both amounts would be counted in the Table 9 quantities under the appropriate fuel 
subtotals. It is conceivable, although not measurable by the current design of the questionnaire, that all or 
part of the switching from one of the fuels into electricity could not be accomplished if the switch from the 
other had occurred. In other words, the totals represent the amount of switching from one fuel into another 
if all other switching had no bearing on the outcome. This same assumption was used for developing the 
maximum consumption estimates in Table 1. Indeed, if the totals in Table 9 were converted to million

3*The quantity of electricity used for fuel switching in the 1988 MEGS differs from the one used for the 198S MEGS. The 1985 
MECS excluded transfers in as well as the other quantities mentioned leaving only purchased electricity. The fuel-switching 
information was gathered separately from the consumption data in the 1985 MECS. This situation necessitated pre-printing 
consumption data on the fuel-switching questionnaire before mailout. Hence, electricity purchases were chosen to facilitate a timely 
mailout and to present the respondent with an easily recognizable quantity.

'"in the 1985 MECS, leadtime data were collected only for the primary replacement fuel (i.e., the replacement fuel of greatest 
magnitude). For the nonprimary replacement fuels, leadtimes were not assigned. If two or more replacement fuels were of equal 
magnitude and no other replacements were larger, respondents were instructed to indicate the leadtime for the substitution that could 
have been made in the shortest time.
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•, and then added to the actual ronsumptgi of electricity receipts, the result 
of maximum consumption of electricity receipts found in Table 1.

; : l  ,|/% : ": The Heat lonterrt of

The'estiiiflafel:pi=;|^|||ies.of this report are presented in physical units f|i|owatthours, barrels, short tons). 
For''^^^^!^^^^^.,.!! may be desirable td^nyert these physical ui||l to a common base. Conversion 
to Bri|^^|^^|^ffl^|tu) provides such I Ss|i (see Table Al bele^|j A Btu is the quantity of heat 
require3-ifia?ftBfe|-^^S^^ature of 1 pound of ̂ §l|f :by 1 degree FahreliiiiiE Thus, converting physical units 
of a gj[yfei|fi^^'^ili^i^:ii^Btu is a means of eipp&sing the heat content!®! that energy. All Btu quantities 
are •iri:;tSK^H^^^^ting value, with nq»|||||! for efficiency of iglJisecause no energy consumption

(although some'^^nsiderabty more el|3i|t than others), Btu figures must 
. available heat colleM The following table pBsehts the Btu conversion factors

Table^|G|i|ii|:jgf Physical Units to British Thermal

Type of Energy British Thermal Units 
(thousands)

Electric ;.Erip^|l^!H«5(iiii«fiburs) ............. ..... . . .... ........... . , ,; \ 3,412
Residual "F |eSi^|^|Slp^IS!:r%ls) .................................... . . : ; 6,287

..................... . . ............. .:. • 5,825
......... .. . . >.- .... . ............... .'>--- --.- . 1 ,032

barrel^ .............................. . .   3,603
Coke aridi;i:Bj^e;':sri8i*;l|n:^'; . .............;.................,...... .....:;. : 24,800
CoarUsil|i;|ie^|||ofti|p|l ..............'.. . : -;:.-. ..:,;. ; ................. .^ : ^ 22,012
Coal Use«|;|?r;|io||:|^rt:;kon) .............'...'. ./«:-.[;-. .............. . , . ^ :-K .-,- • 26,800

ministration, Monthly En&iy Review, (September 19iO|:;;pp, 1 24-127.
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• Appendix B

Qualityrof the Data

Introduction

tt|||s||^i|i||i|s and the estimatesEpjg|dtieed from them are subject to a variety of errors. These 
^"""^'""""sMed under two :'g&l^§^pe&, sampling error and nonsampling error.

the variability in a .^s^rvey estimator that arises because data are collected from 
the entire population. Each possible sample produces different estimates of 
dinS on toe ^Will^Wente that are sel|<pd. Nonsampling errors, on the 

collection actfv^;|i|||yif a sample survey' <|i a complete census. Nonsampling 
of the toia]f^la|i^ design other than Uiiiainpling process, and can include 

^tic .(biasing) errors^^^tphly recognized- 'solaces of nonsampling error include 
systematic responj^prprs,- nonresponse, data processing errors, and tabulation 

^ribes the effect of bdiisfmpling and nonsamplffig errors on data from the MECS. 
More de||!ii|i||l||||^j|!d in the methodolog|e|l Import for the MECS.tt;<'; ;-

Error

in this report'^rl?||silolped from a sanipll; of manufacturing establishments 
true population ;||lies that would be obtained from a complete census. This 

is only one-of.jFW^liifge number of sairiples that could have been selected 
ciflcat«>ns. Eac^^|5isible sample would yiild its own estimates of the true 

differences attrib\iii^t^^e-particular-set of establishments selected into each'

due to sampling is the average difference betteen the estimates that would be 
raples and the mea^vljite of these estimates. This type of measure is commonly 

of the'id^piai^bf these sampling :|lr6.rs based on data from a single 
«sStatistic known as thi |jt|lsdaM error of an estimate. Standard errors for MECS

: ;- : : ;w ...;. • •

survey estima!»^||;i|:the reported value; ||;;Qiaracteristic F for the i* MECS 
':ed weight USe|Pi|8fiii|0a.te the sample d|(ti|jfQ population estimates, and n is 
i. Justiflcatiolplllp Ibrmula is found;:ii|||: MECS methodological report.

.,.,;,,., 1,^^w,^:,:,.:i _, . ; been compufed;;f|oiBi the MECS.samp||;iata for the estimated aggregate 
^"^jlfllR this rePort- 'Tfi^algpresented in'the forii^relative standard errors (RSE);
that i^:fifi^P^p|^pi|^yided by the^estimSl||ii^i¥'to which if reffip::TJie RSE's are given in Tables15 '^a^H^^mffmfSPSK-'-- ' -'.' -:i;-at:SR;; :• -•• • •'• •::.', yfe: • -• -

: MeOtti^g^Kal Repon 1985, DOE/EIA-OS14(85) 
^ quality : in the'SHsSffiCS, much of the discussion still:
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The estimates in this report can be used to produce proportion statistics based on the ratio of various 
estimates reported in the tables. Proportions are not given in the detailed tables but can be used to clarify 
the analysis. A proportion is a statistic of the form

'••
where F and % are survey-based estimates of aggregate parameters Y and X, respectively, and characteristic 
X "encompasses" characteristic Y. That is, each population element (and, thus, each sample case) that 
contributes to Y also contributes to X, and the value of A" for each element is greater than or equal to the 
value of Y.

The RSE's of aggregate statistics shown in Tables IS through 28 can be used to produce approximate errors 
for proportions. The straightforward additive error formula shown in Equation (5) gives rise to a similarly 
straightforward upper bound approximation to the error of an estimated proportion. The approximation can 
be expressed in terms of relative error as:

\j[RSE(?jf • (1 

Justification for this formula is found in the MECS methodological report.

Nonsampling Errors and Bias

Nonsampling errors that affect MECS survey data can be divided into four major categories:

• Operational errors, including editing, coding, and tabulation errors,

• Errors of measurement, including a lack of precision by the respondent, failure of the respondent to 
understand instructions, etc.,

• Errors of estimation, including the assumptions underlying the values for maximum consumption,

• Errors ofnonobservation, including nonresponse and noncoverage.

These errors are collectively referred to as nonsampling errors because they are not related to the sampling 
process, and thus would be equally likely to occur in a complete census or a sample survey.

It is felt that operational errors are not a major concern for the estimates included in this report. The quality 
control procedures that were employed for check-in, editing, coding and keying the returned questionnaires 
(see Appendix A) are standard procedures that are in place at the Bureau of the Census and have withstood 
the test of time. Data tabulations were verified by comparing marginal totals in tables generated from files 
supplied to EIA with corresponding totals generated directly from microdata flies held at the Bureau of the 
Census.

Errors of measurement are a concern in any data collection activity. The survey results for the MECS were 
subjected to extensive editing procedures that were specifically designed to detect errors of measurement. 
Failure of any of these tests for reasonableness and consistency resulted in the respopndent being called by 
an analyst familiar with manufacturing processes and energy use. Major errors, including omissions and 
misreporting by orders of magnitude, were corrected. No editing procedure is capable of identifying all 
measurement errors, however, and some small errors will remain. To the extent that these errors are due to 
random, rather than systematic misjudgments, they are compensating in the aggregate totals presented in this 
report, and it is believed that there are few large systematic biases that result from them.
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resulted teMtlii psumptions that underlie the formation of the maximum 
in those'-esti]ii|les-'is: the assumption pat all potential switches at an 

simultaneously; , I%ie^mple, if -a respondent indicated that natural gas could 
il and roal/th^'l^sqaantities are summie| together (after conversion to like 
consumption ;:;<|l|atural gas. Ib the exflit that one or more substitutions 

of another, the published maximum consumption quantities would ' :

occur using theL;:i|iii(hiod^employed in T^a|ie 8, which presents estimates of 
y ;SiQi^M^: ^hspecified replao|i||nt fuels. The allocation of total 

to le^j||||::!jpategory .is perforift^|ieiativeJy in order of descending 
has three or more possible replacements for a specified energy source, 

would i^t^^^ip^wii^. in 'order 't^Giftest to slowest. For example, a 
1,000 barrels o|;;|ei||||alf!uel oil could be siiiphed to three replacement energy 
LPG. Each of ̂ p||S®uld alone replace!!*) barrels of the residual oil with 

' than a day, coali|^p^(&jii, and LPG. in.;tl|ie weeks. The method employed 
of swit<|jii|||j|||||uaion to thecate||iy^"less than one day" and 200 to 

!::iugh one week"' (l(i)|||||S|;;|00). It is possibli|tot if a switch to natural gas was 
in place at'-^illlbllshment, LPG nUgJpie the only possible substitution 

rr^^|(|£aye'been more a|ijp|priately allocated to the category 
the Tables 8. n^||i:;;ii«>uld have misfep;r||ented the true situation. The 

of error :shoi|||||s3inuior. A responi^jf' rarely reports more than two 
hable energy j»|ii^;;.Jtoreover, it is evejl more unlikely that each of the 

different leadtime aiaiiaited with it

I sources of nonsampHng |rror and bias result from errors of nonobservation. As
descti^jjj^^^^^^e 1988 MECS 4a^i|ri;adjusted .to cover thf entire universe of manufacturers. 
Althou^i^^^^^^|more complete cowrj|p||ian.-the 1985. MECS^Ihe additional coverage does not 
eliminp^^^^^pHi^ke certain assumpti0^ifeut the adjustments^ For both the coverage and the
nonresj^^^^^^^^l&e procedure was'W!l|iS:adjust the weighted lita from the MECS respondents 
to the :;^|^^'|^^^|^ie universe that was:||i||ipi;by the MECS^ :fraii|:and sample design. Clearly, had 
theseiiill^^^^^^^pl^erformed, the.est|||rt||^f^uced from only: tlii;lisponding establishments would 
not ba^i^^^^^i^ivie of the target unilil||Sir':the'MECS. Suehi :|s1imates would have been biased. 
Adjiu&t^j^^^pij|^i|g1its to reflect the'ta||il:inivjerse is an attemptlo:mitigate the potential effects of such a-biaiislsf ft*''r -s "''"• •' . " 'v "-;;.: '' •"

As -A, separate adjusi|||it:::^ctors were deyd^|ed.for each sampling stratum. 
were <»lcutete|(:::|||::eaci of the 30 sampj|||;'strata using estimated 1988 fuel 

as estimated::^|||!;::ti»tai energy measlp:of size for each stratum. Each 
homogeneous siif|i|i!ng of establishmeni with respect to primary product" '' ' ; ' " '

the assumption th^;fp^ outpu|i|g:, level of fuel consumption are
consumption pai||ii|;:|&;-:that the establisl|||its:within a stratum would also 
o the quantitki^^^^tel- shares Qfener||j;ii||isuined as fuels and for nonfuel

adjustment meth'||:|||iilips!that' the relatl|ii|lp; between survey variables of 
used for (»mtr^|||;=t|i weight adjustm||fls: the same for the population

respondents witfi|ii|||i|||«stment straturtaiilis for the rest of the population-.-.-— ̂ —.-. -•.-•:-•

. ion 
the MECS estimates will

If, on the other;;||li|:;:iis;ejtterjy consumpiJ^:;ptterns of the responding and 
differ substent3la|||^resultin| adjustnii^iare potentially biased, and may" '''
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The cost-of-fuels ratio adjustment was a correction for differential changes in the MECS sample and the 
population which it represents. The comparison of the 1988 MECS estimate to the 1988 ASM estimate for 
electricity receipts indicated that the adjustment benefitted that MECS estimate. The expectation is that at 
the stratum by United States level and the region total level, the adjustment will provide large benefits. Most 
benefitted at these levels are the estimates for each of the major fuel consumption categories as each of these 
is expected to have a high correlation with cost of fuels.

The level of improvement at the region by stratum level is unclear. Within a stratum, the same cost of fuels 
ratio was used for each establishment. Thus, it is possible that for some estimates at the regional level the 
adjustment might have done more harm than good. EIA weighed this possibility against the expected benefits 
at the national level and decided to use the adjustment

More detailed information on sources of nonsampling error in the MECS can be found in the methodological
report.42

42Energy Information Administration, Manufacturing Ener/y Consumption Survey: Melhodoioycal Report 1985, DOE/EIA- 
0514(85).
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Surveys

capability. energy sources gie based on the MECS measure of
total, heat, power,. generation. measure represents a final-use

heat which to base estimates ofV [;ii0riiiation primary consumption— afuel-
for r for their energy content.

this appenf^ls;;on the basis of total primary

In EIA conductSjl|ffliiffl3|r/:ol supply surv^|, -Tliese surveys are directed to the
ener^spEilliSgilie^ measure the;fi|ntities of specific energy sources 

the marfet^The1lg||p;;C|^tliese by EIA in several energy-
differences between the

These di^^^^^^^iE>':^^l^n'iatp;'$^<iiitin any analysis that uses both 
. : : v t>r;|;g|^;H:. : . ; ^5 m .,

In and,:tti|;Hi.-supply surveys,43 it is necessary 
to-conSll;iiS!iiiiiiiiiasures of cbiUiaitttpi^^^:&e'--sittppIy-sui^eyi.:fMd>ie Cl presents these estimates.
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Jiff*; EIA Energy

Industrial Sectoi8

Electric Power
Annual

Natural Gas
Annual

896

s,e»s/--

1,112

7,4m

4,3fl.:

6,383

iludeg manufaoturing, eonstrucHon, mining, agrlcuKure, and fishing and forestry.
3»Tii||i||^fl§yfe!^for*e!ridus|teW<|' ' 
un'ra for eomparativs purpoaas only.

In.the estimaitia;iii^';^^^|^Hii|Oi4y* :ittt^||:i"Total Industrial Sector" in Table 
,"^':'-|0-;tlut|U^,3%i^paes establishments engaged in 

the, totiaI;JUjftp|^|feor::inclu4es iJ||iSi|cturing as well-as construction, 
^^^uj^30).-^iii*.^|i^Eoh> there are also differences in

the surveys. The unit of data eollectioB in the MECS is the manufacturing establishment 
~"~" ~t'-ienergycojnsunp^^$p§pi.i:ii&ittiiiiiig'esttt;6:^ftents. The unit of data collection

of the discrepancy in gupp^ and commBpfson data, see Energy Motmation Administration, Energy 
A Comparison of Memtff^ by Comumpliofi end Suppfy Surveys, DOE/EIA-Q533 (Washington, DC,'
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for the industrial sector surveys is an energy supplier—for example, a utility. The estimates represent deliveries 
to customers, which may not be the same as consumption by establishments. Moreover, the designation of a 
customer's account by an energy supplier is frequently based on the rate class to which a customer belongs 
rather than direct knowledge of a customer's type of operations. Therefore, it is likely that some "industrial" 
customers are, in fact, classified as "commercial," and visa versa, depending on their rate class. In addition, 
there are other differences that are specific to individual energy sources.

Electricity. The estimates of electricity from the MECS44 represent "net electricity," defined as the sum of 
purchases, transfers in, and generation from noncombustible renewable resources, minus the quantities sold 
and transferred out. Net electricity does not include electricity inputs from the onsite regeneration or 
generation of electricity from combustible fuels. The estimates of electricity appearing in the Monthly Energy 
Review® are taken directly from the Electric Power Annual*6. This estimate represents sales by electric 
utilities to industrial customers. Thus, in addition to the major differences outlined above, the estimates differ 
in the definition of electricity.

Natural Gas. The estimates of natural gas from the MECS represent consumption as a fuel and a raw 
material input by manufacturers. The estimates appearing in the MER represent sales to customers in the 
industrial sector and would also includes natural gas consumed as a fuel and raw material input. The MER 
estimates are taken from the Natural Gas Annual and represent the sum lease and plant fuel consumption and 
deliveries to industrial customers."17 Lease and plant fuel is consumed primarily at natural gas extraction sites, 
which are excluded from the MECS because they are classified as mining establishments.

Coal. There are numerous differences between the estimates of coal consumption as reported by the MECS 
and the Quarterly Coal Report. The estimates of coal consumption at manufacturing plants in the Quarterly 
Coal Report46 are the only non-MECS estimates that are based on a survey of manufacturing establishments. 
Therefore, the difference between the MECS estimates and the estimates in the Quarterly Coal Report cannot 
be attributed to sectoral coverage or to the collection of delivery data rather than consumption data. There 
are, however, other differences between the two series. The MECS estimates include the coal consumed as 
a raw material input at coke plants. Coking coal is excluded from the manufacturing plant estimates in Table 
30 of the Quarterly Coal Report and shown separately in Table 23 of that report. The sum of these two 
Quarterly Coal Report estimates is included as the industrial sector estimate in the MER. Moreover, the coal 
consumed at coal gasification projects in included in the manufacturing plant estimates appearing in Table 30 
of the Quarterly Coal Report. These estimates are excluded from the MECS because such plants would be 
classified in the mining sector. Finally, the estimates for manufacturing plants appearing in Table 30 of the 
Quarterly Coal Report include the coal consumed at electric generating facilities owned by manufacturing 
plants, but not located on a manufacturing establishment site. These establishments are excluded from the 
MECS because, according to the Standard Industrial Classification Manual, such operations are not classified 
as manufacturing, but as "electrical services" (SIC 4911).49

"^Energy Information Administration, Manufacturing Energy Consumption Survey, Consumption of Energy 1988, DOE/EIA-0512(88) 
(Washington, DC, May 28,1991), Table 1.

45Energy Information Administration, Monthly Energy Review, DOE/EIA-0035(91/05) (Washington, DC, May 1991), Table 2.4.
Energy Information Administration, Electric Power Annual 1988, DOE/EIA-0348(88) (Washington, DC, December 1989), Table 19.
47Energy Information Administration, Natural Gas Annual 1988, Volume 1, DOE/EIA-0131(88)/1 (Washington, DC, October 

19891 Tables 16 and 17.
^Energy Information Administration, Quarterly Coal Report, October - December 1989, DOE/EIA-0121(89/4Q) (Washington, DC, 

May 1990), Table 30.
49A special analysis was undertaken to determine which MECS manufacturing establishments received electricity from company- 

owned, offsite generation facilities. These identified generating facilities were then matched to the respondents to "Quarterly Coal 
Report—Manufacturing Plants," Form EIA-3. The coal consumed by these identified generating facilities accounted for much of the 
difference between the MECS estimates and those appearing in the Quarterly Coal Report. This analysis provided additional evidence 
that the separate estimates are, indeed, correct, given the populations that the respective surveys are intended to cover. Specific 
results of this analysis cannot be published because of the confidentiality provisions under which the MECS was conducted.
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the

in

-li(^ are major difiBerenc^Tbetsiveen the MER estimates of total petroleum product and 
MER estimate of ||lj|oleum products indu||s I alt of the petroleum products 

BiJj^ distillate tu^iil (including diesel fuel), jet fuel,
asoline, petr0l!iia coke, and residual fuel oil. The MECS estimates shown 
and residual ||i|i oil, and LPG.

Fuels In addition to esf&oates of the primary eopumption of energy, the MECS 
of e'tterg^!;-f||ili||:;:pfoduction of heat;';;i||:;power.so These estimates are 
industries including "petroleum refiniBgljSIC 2911. Estimates of "refinery 

1 The MECS^pSimates for the fuel consumption 
are uniforii|||||er than the estimates ;|||>earing in the Petroleum Supply 

jiK due to the'fa(*:;||^^ in the f&fftijjan Supply Annual are prepared 
Form -Ej|||i|||iwjhich collects data [ i>||i|troleum processing operations 

The l^®iata,on the other haiii|o(|ver the entire establishment site 
would be exdii from the EIAr820.

i«iffl^i^itoistration, McmufacttaingEnia^f^nainytion Survey: Ccm^j^ion of Energy 1988, Table 3.
, Petroleum Styf^iM^ 1988, Volume 1, DC>gil|j||b340(88)A (Washington, DC, May"• '' : - -1989),
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Appendix D

acturingitlirgy Consumption Survey
I;•;:,,,•: Pq*iilIlA-846A .^

QMS N^1i»CNM>186:Ajsigy«l txplraa (M/30/91
Ojbfw reporting burden" Irjr itos toJlKtwwi of -riforrristjon is estimated io jireispjir'Sf hows per response, mdgdina the time ol 
•I'vmwiitg <nslructwrt5.::5eardwig eraiing data sources, gathering and irwmnmng $* datt needed, and fflxnplethp, and reviewing 
the coGectrai of mfoimalifin: SMHJ twtmemk regarding this burtjen estimate, or' Ifi^othet *lp«« gf thi» wiiectiwvol tofoniwtiwi 
.nciudifg sunsestwntlot^sduCirtg this fturderv. to ths ErteiRy infonfvation AdfihttHBtSMi. Office of StKiflteiJ Ststxtsrds £1-73 

il Sution, 1H 023 fsn«ui, tfXW inSeoniKlenee Hvwue. SW. W«$hra»ii, DC 204S5; ind to tin Offta ol Wormatlon and•: : ,:,ii jc BfSurniiEkr OF COMMERCE

ISDTHl 3TATIS DSP*RTMENT OF ENERGY:
In eorrwpoo!i»ncB !»rt«*ftlns !o this ntpox, ploow t»)«r 10 Ihto Contuo Ma Humiaw (CFN).

19B8
UrrUflDMQ ENERQV 
——I8UHVIY

'
Aamirustrstion Act of 

.Xr]f wider Titk. 3, SubtHto 
BadMt Heeoncilistkin Act 

to respond may

J

atxtnmberlfiKtamm.

turvtry
— by taw. The 

,—- "response to thf* 
>V taw (title 13, U.S. 

!3_,=-,^.,Jimay. be wen only by 
Census tmplOYWl and may be used DUEDATi: 

-T tutfKfcal twposes. The tow also •"""*""•
I In your I>K> ate „ y<JUMra)0, fl,^^by;«il*)»o>te,i! lime e»ttnsiwf»5U««eJK)iidl»a»i5ilb "21^ 

ih» ibove acMietlj pleaic incltKle your 11 -digit Cenaa Bl« Hum^lCSfegS-J93-

out Mfc form. Comptefo 
tarn. IT rwr *•«•

7088.

- NOKCOMBUSTIBLE ENIHOY SOURCES

;;;;;:~r~r •••.-•"' /?i«em description ; ;;;;
S" :; ::: :;-.^; : • . tl)

~!-v.--: —————— : ——————— 1

: (Electricity
"" <JI

Steam
131 :

Industrial hot water 
^L___L4J....

1«. During 1988, wh«t amount of each energy source 
w«««he«e>lby this establishment «ram 
l«>J«to^^ei_rv»red to this enaMishrnent site?

* wa» t»w totai expenditure tor the
'—|||ii||jir;^)iirc«a reported on

Dollars

KilbWBtthoura

enoblialiment and delivered 
atte?

». What *»»*• low exjxmdrturs for the -' "•'•~~'

enersy joorce < low»tth<jur»

t MtaUithment site? Do not

city receipts. /Sum ot lines }g, Zi, 
- Copy this Quantity to column 2, 
Sflt - FUB. SWITCHING. • —
row much of each energy source 
wait* from solar power, wind 
iw«r. and fjeoiharmal sources?

!:;RS!i|SS:tiil,:JliiirV!imitih electricity wae
"WUSiSM P«««»w other than thote

;«Uch electricity was sold or

f¥ rtiiuch of each enenjiy source 
i *> estebliBhmenu other

'Thou. | Dol.

Milton Btu

Oollara
Ool. Mil. 'Thou,

19. If In* 3, coWmh 2 has * nonzero entry, and any of •E:i?: ̂  SS^..^.^..^S!iy^ T"^ «")b|i'h"i«"
-: -:^,:H-.;aiP,iijpi^.iBjapi|ii(iiir|^(flantiTy thai establtahment at- -.- -i*;*?. 2SliSS!iSSS2l!?2'icitv "»n5<w» from"»»
---s.' > •:• ftBPMSJSBBSilWint ol four company, provide •
S.l»^|JiBIBH^^aSnatlon in the "Remarka" "

t»;of energy supplier

AiJrjrtot - Number Kid itrmt

:C»y Slatg ZIP Code

, 1988?
t i>, able to dehver

l.Dve.
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1988 Manufacturing Energy Consumption Survey 
Form El A-84 6 A (Continued)

P Section II- COMBUSTIBLE ENERGY SOURCES

F.nnrgy sources 

III
A. BOLlbi

I.Anthrgcitg

2. Bituminous and gubbituminous coal

3. Br««2>

4. Coil coka

B. Usnrt.

6. Total coal and coki ISum ofmthriclu, 
tHumlnau uvi luttbitumlnout cotl, 
Dr*wi, coll calt» and Uinittl

7, Blonujit

«. Patnrifumcoka
9. Roundwood (wood cut ipacHlcally 

(orfualuaa)
10. Watt* mittnalt Iwattapapai, 

packlno; matarWa, tto.)

1 1 . Wood cNpa, birk, and wood watta
12. OthaMolMi fStMcW

UiiHa Enetfly tourcat »o«Jv»d in 1988
Census uiad Qu«mjtv Tottl txpgndltura, including r . . 

Use »or ouicnwdKgnd d»liv«ry crurots. of the Tom otjiw rtcglpti 
Only rapMtlni Si^dttthi. Quantity ln°?oi. 141 'S'SiS^, 

quMMM ..Lbtthm^M (6) • Mnttil pufchtiegl
(21 131 141 Mil. Thou. Ool. |e|

406 •

414

448

tMia
430

422 j^

466
MMan 

801 •«"

703 *"Ml"

802

228
mmm

S10 '«•

918 I .

927 »

1. OAMI
.1. Natural gaa

2.Aeatylana

a.Battfumacaflaa

4. Coka ovan gaa

•.Hydrooan
f. Wain and byproduct gatn (».»., rtftwiY 

ott«it, vant«N, ptonttM, itilgat)
7. 6thar gatat ISptcltyl

1,000 
gn.lt

307

«48

•04

•12

•38 •«•

•20

831 .

943

C.UOUIH
t. Ottitatt fual on (numbara 1 , 2,' and « 

fualotogodoTM^I 224 •«»*

1 
m* KffOtCM 973 ^

>. LPQ (Mhana, athylana, propam, 
Bfopyiana, butan*. butyttrn)

1
240 MM

4* Motof QMOWW 232

1. ftilptnoofblgckliqoof

a RaaMual tual on (nunban 8, e, navy 
•paelal.andbunkarc)

7. Watta oHa and tan

737 •«•

•amto
216

t

»BO itM

1 
868 . 1

6nt»r th» tool dttign itortgf capaeny hand «wft» M « t Oacamear 3 1, 1 Mfc for: 

lakDMMattftMl 01 .................. "' ————————— ""I*

1«. LPQ ...........................

"' Bw-ft

»» Od^

Pag* 2
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Survey
____

«•• 11-digit Cmat File Wumbiw j

E^MpWUSTMLE -NEM6V. SOURCES- _____________________________
Ennrgy'sDufcacoeMumedonsitein 1988~ - >'.. ————

m><mm^'m££&a 'a o^.:r---^.Tr ™!S*t en^y**-*. "SK"
r-Kwu conaunaduttuil (of aH nonfiwl Only

:Nj^;f::: :: ::::sl i::::: :r':: JBj___________{9i .......J:..,..^^^l;^,.^,,,,,,,,,... ____ .4'ItJ,,; { n •____,„„.,.„„.,„„;, M ^3)
".••;.:''••"••-.:- :. A. 80UD8 . :

_______; ;•••..:•••..•; L \ •._____ 1 T Amhrachg • •_________ 408

_____ ___________ ..'.J.______ a. Situminom and aubbHumtnoy» coil 414
2 G No : 

_____ _______ • ...,-..... _____ 3. BrMza____.__________ 448
2LJNO ''......

________________j,^,,;.„:.;;,;____ «.CMlcoke _________ ^430

___ . : _^:',,:_::,:^:' .,:;______*• UPM* ''•:'•.' _________ _*M_^
Copy to iint'l VweNortVs- •" *ta*™" :.U.';v:\W.

* 8. Tot»lcoalsn!!cako(Sumof«M*rac«e, 
Mtumtoaut anrf HtKWiMnMa ««/,

....-*————— -.mt...
1. P»!rot«um cote ________ yps 
8. RounoSvood (woodi eut •pceWully

.,_,_____ ________ •:».. -•- -.-..•. 11. Woodcftlp»,bmk,«odweedw»n« _JJ^_

-ftUL, 

^-y-'^'*-'--^''---?;^?';.- :———— —————— • : ;::_..,,„.„.„, ———————_i__________S4L-
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:;;il81illlsIiSlS:$t||» s O NO ..:".'; ": -1 -_~ : . : ,:>;.;
j^

}Qti9 ... --,^—^-—— -^—,.._..,,,. —————sa.

- —————^___^ :^__.—;—— ———;—„-..,.„„;-;; ————— m,,.
- <^»^,.lam^^—-—— cuaum

__ . ...... :^^i^ii: • i.o*j«ji«fti^|i|Bj|!to«i,a,»d4
-g—— - • • .. _--;.z-J^~-—-—— -

Cof^K>S'n»fof»»«*jn la*::~™' ' ~

——i^^fflte^..faMttflfe|:fcuMH»]liin a____^ • 840 .

...«.Mowiiit«^::1:;.;r______....aa

^,:: --,m,-. •-«- 
*;W**: !UN° .... ;:.;;:;:;.:;,............; «•«•««-«»i*.«itij^H»i^•.••»»
f:E3p|M jQwo : '.•'--"i:"^T:vr~' ...:......„„,„.

y:"' _•—— —————————_^;S_________7.gy««ii-a_<fir^.:.^__... .. TMi?!li»»». sDNo .,.,:„,,,,,.;,.... lOftirlquieir-—•; S!??r ———

;" y. '.'________Ml

kSwnehlng Capability 1&88 79



1988 Manufacturing Energy Consumption Survey 
Form EIA-846A (Continued)

k Section III ~ FUEL SWITCHING

Item description
O)

1 . Quantity consumed - Copy the total electricity

coal and coke, natural gas. distillate tue> oil, i_PG. and 
residual fuel oil consumed onsite as a fuel from 
column (9) of section II.

Now answer tines 2 and 3 as appropriate fo/ the 
columns with nonzero entries in line J - Do not 
consider differences in energy prices when 
estimating amounts.

2. Quantity nonswKchaMe - Enter the amount of 
the quantity in line 1 that could NOT have been 
replaced within 30 days by another energy source 
in 1988.

3. Quantity swftchable — Subtract line 2 from line 1 
and enter the results. This represents the total 
quantity of energy consumption that COULD HAVE 
BEEN replaced within 30 days by one or more 
alternative energy sources in 1 988.

Mow answer lines 4a through IQb as appropriate for 
the columns with nonzero entries in line 3, Complete 
one column before starting another.

4*. Of the amount shown in lino 3, what is the maximum 
amount that could have been replaced by electricity?

4b. What is the minimum lead time required to make the 
switch to electricity?

6a. Of the amount shown in lino 3, what is the maximum 
amount that could have been replaced by coal and 
cokff?

Bb. What is the minimum lead time required to make the 
twitch to coat and coke?

6*. Of the amount shown in tins 3, what is the maximum 
amount that could have been replaced by natural 
gas?

6b. What is the minimum toad time required to make the 
switch to natural gas?

7*. Of the amount shown in Hoe 3, what is the maximum 
•mount that could have boon replaced by dUtfUale 
fuel OH?

Tb. What is the minimum lead time required to make the 
awtehtodistiUatefueloi)?

*e~ Of the amount shown in line 3, what is the maximum 
•mount that coutd hive been replaced by LPG?

M. Whrti*lne"mWmum lead tone required to make the 
switch to LPG?

•*. 6f the amount shown in line 3, what is the maximum 
amount that coukJ have been replaced by residual 
fueloi?

•b. What is the minimum lead time required to make the 
switch to residual fuel oil?

10ft. Of the amount shown in line 3, what is the maximum 
amount that coutd have been replaced by any other 
energy source? Identify th.it energy oourc*. -^

lOfc. Whatls the minimum lead time required to make the 
switch to that energy source?

Electricity
(2,

K ..•lA.MthOlltS

Kit'j^.-'n'io^f*

Kilowatthours

Kilowatlhours

1 Duns than 1 day 
zO 1 d«v 10 1 w«k 
aDMorethanl wwk but within 30 daw

Kilowatthcurs

1 Dun thin 1 day 
jQldaytol w«k 
3Dwo«than1 wMkbutwHNn30<l>n

KilowatlhourE

l OL«S« than 1 day 
zd 1 day to 1 wa«k 
3DMon> than 1 waak but within 30 days

Kllowatthour*

1 Dlan than 1 day 
adldayulwa* 
3O»*x« than 1 waafc but wWn»d«y.i

Kilowanhoura

1 Qlan than 1 day 
2lDld«yK>l weak 
sDMora than 1 mak but within 30 day>

Kilowanhoura

Total cojJ ntd cok*
•» 131

Short tons

Short tons

Short tons

Short toni

iG Loss than 1 day 
zDldaytol week 
iDuan than 1 wttk tut within 30 days

Short tcna

;Du«*than1 day 
aDldayio! waak 
aDMorethan 1 w»Hbutwmn30oar»

Short ton*

1 DIMS than 1 day 
:Dldavto1»Mk 
3D MOT than t waak but wKhh 30 days

Shot ton*

t QL.M than 1 day 
aDtdfftolwwk 
aOMortthan 1 M«kbutw«Nn30d>y>

Snort torn

1 Dim than 1 day 
2Dld«yto1w<at:
aDMor. thin t waak but wHNnSOdivt

Short ton*

1 Dim than 1 day iDlaaithanloay 
zD 1 day to 1 waak aD 1 d»f to 1 w»* 
aDMwethanl weak but within 30 d«y« aDMwthan 1 waaktutwUiinttdlyt

-g-srg-j——— —————————————————— ———————————— : ———————————
Page 4
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1988 Many fact y ting Energy Gonsumpfjon Survey'^

§|W^«4^|.--- M namam'nM^.-.y.:.. . IPO 
«* Barrels •;; c .non:

** ~~~8.™l. ...,•———— GalMns •-.-..-• BarriiiT"

::*»:¥* ~" 8"«i. T-K- ~——G.SS——— ———iarsr

Bwrdts ; Gallons Barrets 

ld>y "~ ' " ----- -

lDL«aath«r.1d«v 
zDidiywiwwk 
3UMorail»n 1 wMkbutnWn 30 (uy.

UJUsuhsri 1 day
tolwsak iEDTdiytol wmk 

^to*^#.M-tt^^1^M«^»^-&$!,, am i m*tM rtIHllX^
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1988 Manufacturing Energy Consumption Survey 
Form EIA-846A (Continued)_____

• Section IV — REMARKS — Pteaifuie this spice of attach # separate sheet lor inyexpljniiitiru that msfbaeiientii/ 
' m understanding your reported title. Be sure to include the name, address, and telephone number ol power generating

eatabliahments ol your company tflar transferred or detivared electricity or stea m to your establishment in 198B If you did
nothavg enough room in section t.

«»oUon V - CiBTIf 1CATIOM - Thxlata In thl» capon have b»«n pmftni In aecontooo with ttv» imtniclioo*.
Name of perton to contact ragwdlno tnli report — Print Of type AIM cod. Numtwi

Telephora

FROM:
Parted oonnd 
brtMaraport TO:

JDay

iMo. |0«y iVei

Cltv State ZIPCodu Signature of authortzad penon Data

Paga6
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1988 Manufacturing Energy Consumption Survey
EIA-846A (Continued)_____

U S, MPARTWCWT OF COMMERCE-

1988 MANUFACTURING ENERflt CONSUMPTION SURVEY

• for Conducting ttMt.; 
I Energy Conwnnptkm 8u
Energy Consumption Su 
ed, and is being sponsored, by the 
Administration (ElAi of tl*3U.8>::. 1} 
gy. T*18 »urvey is being • ; ' :^v:i',M:; 

end compiled by the U.S. Bureau of the

B. Wtw« fe The Pwposo of TM» Survey? •" ^p;

e MECS writ) collect date on energy consumption 
" " •' Bailor the manufacturing saiSorW 

y. In addition, it will measure the 
,Jnt30 days) capability of your 5\; :»* 
:h«ye u»ed substitute fu«l» in ptaei;: 

ictuaBy consumed in 1988. The information 
RIpHRIpeS will be used to publlaps;.?;"; 

B statJatics on the consumption of energy 
'' i nonfuel uses, and on some energy- ••-;'. :?5 

...... ..JimeM'ia energy prices, efecir|c4tp:SSffi"
genetation on»i(e, and fuel-switching capabilities.

under the Federal Energy 
of 1$74, P.I. 93-^275, andSi £3 

..__ B of the Omnibus Budg«: ;i 
Act of 1986, Public Uw 99-508.

Thlsiform is MMressed to establishments 
" J J="~s''*tiifWanuf»cturing sector, SIC 

tforSJC28, 29, and 331 2, as d 
Standard Industrial Clssslflcatlon _ , 

ablishments operating in SIC 28, 29, or 
~ ' » similar MECS formiv Response 3 

included in the MECS sample
and receiving the.NBBfe««5 

_ - __.. — by law. Failure to reaSojifeSra 
criminal fines, civil penalties, and other *

O. How 1» My Privacy Prowctsd? . : •'^:';>||

ion 9of Title 13, U.S. Code, your report to
sBufeau is confidential, it may be seen

ifn Census Bureau employees and may
__iM*Itatisticel purposes. The law «to i
> that copies retained in your files are £

> from toga) process. • '•'•..'.'

shouht be relumed bv the due 
:tn9 form. Pteans use:llie ehcloiBflti 
W»he envelope has been ' •: »i yS

the completed questionnaire to:
Bureau of the Census . .- ...l\\;!;;::;g 
ISISl- East Tenth Street ' . : - • - ~ :; 
Jeffefsonvllte, IN 47132 ' ' "'^":

F. Howl* • Mcntifacturing E*

inufacturing establishment Is en economic unit 
. ••••'~^« lgCBtlori Where the mechanical or 

* -matlon of materials or substance*
Is performed. These operstSons :; -'=? 

._ucted in facilities described a» • 
f or mills arid characteristically use 
achlnes and material-handling V;S ':.:?' 
iitacturing also Includes such 

mbiy of components of 
* and the Wending of materiefe

0 oil, plastics, resins, or 8quors.
An «stabll»hm»nt is not necessarity Identical to a

• bu*lr>e»sconcernor firm, either of which may••''••'"'•'"" ''-''. 
ihmerrtmay consist of one or more units that

ire engaged in separate or distinct activities. These 
unite may be separated physically as well as 
economically, with separate records or substantially 
accurate reports available fof each. I! this 
estobiishment has previously completed the Annual 
Survey of Marwrfwwres: (AiMi «prm MA-1000, 
conducted by the U.S. Census Bureau, 
establishment boundaries should correspond to 
those used for the ASM. K»e*unlt «houW be

two MECS «irf«ltelim«««. Match the 11-digit 
Census File Number (C(=N) tocSted on the MECS 
questionnalro mailing label with th« CFN on the ASM 
mailing label. Responses to MECS questions should 
Include the same activities 03 those considered 
whan reEpondlng to the matching ASM. If this 
establishment has never completed en ASM, report 
for all activities that occur at IWa physical location.

8®etkm 1 - HONCOMBUSTIBLE EWEBQV'"'
Energy sources used in manufBCturing can be divided 
into two groups: combustibte (capable of being 
burned), and noncombustibte (such ss electricity, 
stssm, and industrial hot waterl. The purpose of 
gection 1 is to collect 1988 data for noncombustibte 
energy sources, in particufar, electricity end steam.

Column 2 collects data that will provide Important 
Information on the components of electricity 
production, and permit an estimate to be made of the 
total consumption of electricity at your establishment. 
Column 3 collects data on the additional contribution 
that steam makes to the total consumption of energy 
at your establishment through net transfers and 
steam generated onsite by renewable energy sources. 
Column 4 collects data tun hot water purchased for 
use es an energy source and used at this 
establishment site.

Electricity is to be reported In thousands of kilowatt- 
hours. Steam and industrial hot water are to be 
reported in millions of Btu. If you keap your records for 
steam in pounds, use a factor of 1,200 Btu per pound 
of steam to convert youf data into Btu.

SPECIFIC INSTRUCTIONS

:Um 1« -
inter the quantity ol each noncombuatibls energy 
source that was purchased from a utility and delivered 
to this estoWishmerrt site in 1 988, regardless of when 
payment was made. For purposes of this question, 
utHttos are companies that produce and/or deliver 
atoctrlcity and/or natural gas, and sra legaSy obSgated 
to provide service to the general pubBc within their 
franchise area, IWSties dp not Induda such generators 
of electricity ssindepmdent power producers, small
power producers, or c 
establishment site. )n 
AMVornateu»»,fore ,.,.,„„„„ 
power, electrolysis processes; or

not located at this 
for

of heat and 
cleaning.

* quantities purchased from Independent power 
producers, small power producers, or cogeneratora 
not located at this establishment site.

* quantities deiivered from other establishments
* invourcompany-ex^iliilft^rttitletwere 

repurchased f ram them by your establishment.
* quantities purchased and paid for by a central 

purchasing entity separate from this establishment.
* quantities for which payment was made in-kind.

coesTiesui
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1988 Manufacturing Energy Consumption Survey 
Form EIA-846A (Continued)____

Una 1b — Expenditures For Purchasa* From 
Utilities — Enter the total expenditures for the 
purchased quantities reported on line 1 a. Include all 
expenditures regardless of when payment was 
actually made.

Una 2a - Quantity Purchased From Nonutilltie* -
Enter the quantity of electricity and steam that was 
purchased from offsite nonutuility power producers 
and delivered to this establishment site in 1988, 
regardless of when payment was made. Include 
quantities purchased for ANY onsite use. 
Exclude all:

• quantities delivered from other 
establishments in your company even if 
those quantities were repurchased from 
them by your establishment.

• quantities purchased and paid for by a 
central purchasing entity separate from this 
establishment.

• quantities for which payment was made in-kind.

Une 2fa — Expenditure! For Purchases From 
NonutHWe* - Enter the total expenditures for the 
purchased quantities reported on line 2a. Include all 
expenditures regardless of when payment was 
actually made.

Une 3 - Other Receiptt - Enter all additional 
quantities delivered to your establishment site in 
1988 but not reported on lines 1 a or 2a. 
Include:

• quantities purchased and paid for by a 
central purchasing entity separate from this 
establishment.

• quantities transferred from another 
establishment of your company for which 
payment was not made.

• quantities delivered from another 
establishment of your company even if those 
quantities were repurchased from them by 
your establishment.

• quantities for which payment was made in-kind.

Une 4 - Total Electricity Receipts - Enter 
the sum of lines 1 a, 2a and 3 for electricity only. 
Copy this total electricity receipt figure to 
column 2, line 1 of Section III — Fuel Switching.

Une 6 — Quantity Coaenerattd - Enter the 
total quantity of electricity cogenerated from 
all energy sources, including renewable 
sources. For purposes of this survey, electrical 
cogeneration is defined as the production of 
electric energy and another form of useful 
energy (such as heat or steam) through the 
sequential use of energy.

Una 6 — Quantity Generated from Renewable! _
Enter the total quantity of each noncombustible 
energy source generated onsite directly from solar 
power, wind power, hydropower, or geothermal 
sources. Any electricity produced as a part of a 
cogeneration process (that is, electricity generated 
from geothermal steam which is then itself used} 
should be excluded. Such quantities should be 
included on line 5.

Una 7 - Other Generation - Enter the total 
quantity of electricity generated onsite by all other 
means not included on lines 5 and 6 above. For 
example, electricity generated by diesel generators 
should be reported here.

Page 2

Una 8 - Sale* or Tranaf en to Utilities - Enter 
the total quantity of electricity sold or transferred 
by your establishment in 1988 to utilities. For 
purposes of this question, utilities are companies 
that produce and/or deliver electricity and/or 
natural gas, and are legally obligated to provide 
service to the general public within their franchise 
area. Utilities do not include such generators of 
electricity as independent power producers, small 
power producers, or cogenerators not located at 
this establishment site. Include quantities 
exchanged for the same or any other energy 
source(s).

Une 9 - Sates or Transfer* to Nonutitttfaa -
Enter the total quantity of each noncombustible 
energy source sold or transferred in 1988 to 
establishments other than utilities. Include 
quantities exchanged for the same or any other 
energy source(s).

Urn 10 - NonutMty Suppliers — If any
electricity reported in column 2, line 3 was 
obtained by transfer from another 
establishment of your company, enter the 
name, address and telephone number of the 
supplying establishment. If you received 
transfers from more than one of this type of 
establishment, use the "Remarks" section to 
identify remaining suppliers.

Questions 11 end tZ should be completed if there 
was any electricity generated at this 
establishment site in 1988 Icolumn 2 has a 
nonzero entry on lines 5, 6, or 71. If your 
establishment had no onsita generation in 1 988, 
omit questions 11 and 12 and proceed with 
Section II — Combustible Energy Sources.

Question 11 — Indicate by checking the 
appropriate box whether or not this establishment 
was electrically interconnected with an electric 
utility (that is, able to deliver electricity to the grid as 
well as receive electricity) as of December 31,1988.

Question 12 — Indicate by checking the 
appropriate box whether or not this establishment 
was designated as a Qualifying Facility (QFI under 
the Public Utility Regulatory Policies Act of 1978 
(PURPA) as of December 31,1988.

Section II - COMBUSTIBLE ENERGY 
SOURCES

Column 1 — Energy Source* to bo Reported —
Twenty-three energy sources have been preprinted 
in column 1, separated into the general categories 
of solids, gases, and liquids. Prior to completing 
columns 4 through 10, determine from the criteria 
below which of the preprinted energy sources 
should be included for reporting and which 
excluded.

First, EXCLUDE all energy sources that were not 
consumed for any purpose at this establishment 
site during 1988. All excluded energy sources 
should be lined out, and no entries should be made 
in columns 4 through 10. Next, if your 
establishment consumed any energy sources for 
any purpose during 1988 that are not included in 
the preprinted list, add those energy sources under 
the "Other" heading for solids, gases, or liquid*.

All unlined energy sources, including any additions 
to the preprinted list, should be further evaluated 
for inclusion or exclusion by the specific criterion in 
the following paragraph.

COMTINue OH MM 3
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or all energy
Sw excluded by the above''"""" ' '

.
fijjp. records in Btu, note that ?l: 

to reported as actual »*K * Si

rtfegy content. Orie>barret;-¥f{! 
iBHe approximate liquid :,:;.aSaS 
•"''factor of U"G is 3.S03:irVil»9|l 

boke should also be li; 5ES

im coke, 
ton of 

30.1 2 million

Meat of natural 
B;i ,03 milliori Btu;;

source that was purchased 
|i;»stial)lishm8nt in t:988|i; •

•snsite use, (or examplfeJiiiiSfJBSw 
: of power, electrolysis processes,
as a petrochemical feedstock or a 

:3hS any manufacturing opawti6r||g;

H9Hfi$fiKTfcom another establisWriSfitS;:;

SElliBiiilHiiife84* and Paiel for b,V *c8ntr«BiS

. . :
for each of tho purchased quantities 

cplurrin 4. Include alt expenditures 
"""t was mada. ^i^J

B« - OtttwB»c»lpt» - For each included 
- source, enter all additional quantities

and paid f or 6y;« . -.: '-li' 
entity separate front this

||i|l|ilKf your company even if thesa;;•>-; 
__._._._.._____.jMNHiSi repurchased from them b'y^ re;

: Sffl 

^f3rS|^l|j||ji^|»;:f|i|;which payment was fna<)e !n-Mrf<fc
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Column 7 — Onslt* Productton — Enter the 
total quantity of any energy, source that was

j [Hwfuced onsite in 1 988 as;« proiluct, a
:;byproduct, a waste material;; M?ari output from a 
isptive (onsite) mine orviiJBfliiieirStvvas at least 
partially consumed onsjt9.:!rjtj!fii3e TOTAL 
cjuantity produced onsSe, wpriWss i.of whether 
some or all of it was consumed as B fuel or 
feedstock, transferred offsite, So!d, or otherwise

"disposed of. Examples of byproduct include coke, 
hydrogen, still gas, coke oven gas, wood chips

: arid black liquor. Examples;oJii«iiKl» products 
include tyood scraps, packinjjiwsistrials, waste 
paper and cardboard, and waste oils.

Column 8 — Source o« Qirelte Production - For
asch energy source ftathjissaijsijnSy in column 7, 

; cneck the "Yes" box i^tfie SriwWitt listed in column 
3fc resulted from consumptf(5Bil|iiHy other energy 
iburce listed in Ssction II ~? Combustible Energy 
Sources. Check the "No" Isi if lifts energy source 
iame from captive weBs or nf ffBisi or is a product or 
byproduct* waste productfroin materials not listed 
in section II as a combustible energy source. 
Examples include: " .

,;* hydrogen produced as sijijiiwwiuct of 
r natural gas in an amrnonia^arit would 

Stave the "Yes" box

' '« hydrogen produced throafljjjhal;
electrolysis of brine in a cfilorina plant 

:.;,::; would havsthe "No" Ko^SlJMitiiM,
* coke oven gas produbei| (fijiiWB the

" coal coking process would have th»
" "Yes" box checked: • •:*y<*r^ -

:^ « wood chips produced as i aj?y:i?roduct of 
; ••• wood purchased for use &&'£j|:f$w

material rather than « fuaiiwiouM have
the "No" box checked. !--.;;» -,.

• pulping (btack) liquor, uSfi3:ili:the chemical 
pulping of woodrthatrsibujifty in a 
recovery furnace or otherwise combusted, 
would have the "No" bolj;«||j»cked.

"• Column 9 - Onotta Fu«l Coraumptloii — Enter 
the quantity consumed onsite as 3 fuel for the 
production of heat, stea'iiigisiwgf ; -or the generation 
iiif electricity. Also incluife^;<K»sumed by 
vehicles dedicated primarily for use onsite. Copy the 
entries, if any, in column 9 for natural gas, distillate 
fuel oil, residual fuel oil, LPG, and total coal products 
to line 1 of Section III — Fuel Switching.

Column 1O - Onsite Nonfud Consumption -
Enter the quantity of each: 9l||riry.;aource that was

-^consumed onsite for all purposes other than fuel use. 
Include all quantities consumed as feedstocks (for 
example, butane processed in producing rubber 
compounds), raw materials (for example, coal used 
to produce coke), additives, or ingredients for 
products manufactured fay this establishment .

• Exclude alt offsite dispositions such as sales and 
transfers to other establishments.

Qtmsttont — Enter the total design storage capacity 
located onsite as of December 31 , 1988, for residual 
fuel oil, distillate fuel oi!, and LPG. Report the shell 
capacity (that is, the design capacity of the storage 

:: tanks) in the units of measure specified. 
Inclutte: ' ~jzir: '

> Onsite capacity of all storage facilities 
1 regardless of the intended disposition of the 

energy source (include both product storage 
tanks and tanks dedicated for onsite use).

-• Onsite capacity dedicated or leased for storage 
of energy sources owned by other 
establishments.

eommue OH PAHS*
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1988 Manufacturing Energy Consumption Survey 
Form EIA-846A (Continued)____

Section III - FUEL SWITCHING

This portion of the survey is intended to measure the 
short-term capability of your establishment to have 
used substitute energy sources in place of those 
actually consumed in 1988. Capability to use 
substitute energy sources means that this 
establishment's combustors (for example, boilers, 
furnaces, ovens, blast furnaces) had the machinery 
or equipment either in place or available for 
installation in 1988 so that substitutions could 
actually have been introduced within 30 days 
without extensive modifications.

NOTE — Fuel-switching capability as measured by 
this survey does not depend on the relative prices of 
energy sources; it depends only on the 
characteristics of your equipment and certain legal 
constraints. Fuel-switching capability sets limits on 
the extent to which you could switch to a substitute 
energy source if you wanted to or needed to. It has 
nothing to do with whether you would want to 
switch if you could. Therefore, relative prices of 
energy sources are not related to fuel-switching 
CAPABILITY and should be ignored when 
completing this section.

We recognize that records of fuel-switching 
capability are not regularly maintained. Accordingly, 
reasonable approximations of fuel-switching 
capability are acceptable. These approximations 
should be based on the judgment of a person 
knowledgeable about the fuel-switching capability 
and operations of your establishment. They are not 
expected to be formal engineering estimates based 
on a day-by-day analysis of the operating levels of 
Individual combustors and interactions between 
them. Respond as realistically as possible, given 
your actual operations in 1988.

Base your estimates on the availability of substitute 
energy sources and the physical condition of your 
equipment during 1988. Include switching 
capability that could have resulted from the use of 
redundant and/or standby combustors, and from 
combustors that were already equipped to fire 
alternative fuels. Lines 1 through 3 of this portion of 
the form measure your establishment's overall 
capability to have switched from specific energy 
sources in 1988. Lines 4a through lOb describe 
your capability to replace a given energy source by 
specific alternative energy sources.

SPECIFIC INSTRUCTIONS

DIM 1 — Quantity Consumed — Enter the total 
electricity receipts figure from column 2, line 4 of 
Section I, and the fuel consumption figures from 
Section II for total coal end coke, natural gas, 
distillate fuel oil, LPG, and residual fuel oil. The 
quantities to be copied are noted In the 
appropriate-boxes of sections I and II.

Une 2-Quantity No •Me- Enter the
amount of the quantity reported on Line 1 that 
could NOT have been replaced within 30 days by 
any other energy source In 1988, even given a 
severe curtailment. NOTE — Include only that 
portion of total electricity receipts (purchases plus 
transfers in) that could NOT have been replaced 
by either onsite-generaled electricity or energy 
source(s) which accomplish the same purposes as 
the offstte-produced electricity (e.g. supplying 
heat or power). Portions of individual fuels may be 
non-swltchable due to limitations such as:

Page 4

• the characteristics of your physical plant (for 
example, single-fired combustors or the 
absence of redundant and/or standby 
combustors), or the requirements of your 
manufacturing process.

• binding take or pay contracts with energy 
suppliers that were in place.

• environmental regulations which limit the 
amounts of potential replacement fuels that 
could be burned.

DO NOT consider current relative prices of 
fuels as a limitation to switching capability.

Una 3-Qua I — Subtract line 2
from line 1 and enter the results. These values 
represent the quantity of each energy source 
consumed that COULD HAVE BEEN replaced 
within 30 days by at least one other energy source 
in 1988. NOTE - If ad entries on line 3 are zero, 
complete the Remarks and Certification sections of 
the survey and return it to the Census Bureau. For 
each entry on line 3 that Is nonzero, complete the 
remainder of that column. Complete one column 
before starting another.

LJiwa 4 through iOt Part a -~ Ropleooiitent 
QuanUtto* — Report the maximum amount of the 
quantity shown on Line 3 that could have been 
replaced within 30 days by each of the energy 
sources on Unas 4 through 10, under the 
constraints listed in the Instructions for line 2. 
Report all amounts in the units of the energy source 
that is being replaced. DO NOT convert this 
amount to units of the replacement energy 
sources. NOTE — Be lure to take into nccount not 
only the fuels that could be directly substituted for 
offstte-produced electricity, but also the fuels 
needed to generate electricity onslte that could 
have been used In place of electricity racelptt.

NOTE - The sum of lines 4a through 10a for each 
column must be at least as large as the entry on line 
3 of that column, and may be larger If more than 
one alternative fuel could have been used.

Un*a4through10.Partb - Lead Time - Mark 
the minimum lead time required to switch to each 
replacement energy source identified.

Section IV - REMARKS

Please provide any explanations that may be 
helpful to us in understanding your reported data. 
Attach a separate sheet H necessary. Be sura to 
include the name, address, and telephone number 
of nonutility power generating establishments of 
your company that supplied electricity to your 
establishment if you dM not have enough room in 
section I to Identify them.

Section V - CERTIFICATION

Period Covered By Thta Report — Enter the month, 
day, and year of the beginning and the end of the 
period covered by your report. If a calendar year 
report; "From January 1 to December 31,1988,"; H 
a fiscal year, specify which (such as "From 
December 1,1987 to November 30,1988"). If a 
part-year report is submitted because the 
establishment was not In operation or under your 
company's control for the entire year, specify the 
actual period covered: for example'' January 2,-1988 
to August 15,1988," or "June 1,1988 to 
December 31,1988."
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1988 Manufacturing Energy Consumption Survey 
____Form E1A-846B (Continued)____

Section II - COMBUSTIBLE ENERGY SOURCES

For purposwt off this portion of th» survey, * refinery it an installation that manufactures finished potrotoum product* from Cfud« 
oil, unfinished oils, natural gas liquids, other hydrocarbons, and alcohol. Products Includ* motor gasoline, unfinished otto, 
aviation gasoline, special naphthas, horosana, distillate fuel oH, residual fuel oil, lubricating o»«, asphalt and road oil, waxes, 
petroleum coke, still 9" and petrochemical feedstocks. Nonreflnery or petrochemical operations produce substance* by the 
chemical treatment of raw materials derived from petroleum or natural gas. Among the final products are pUrtfce (Including 
synthetic rubbers), synthetic flbero, chemicals, drugs, and detergents.

Check the box next to the correct description of the establishment identified on the address label. Then supply data for Section II 
according to the instructions for that description

CLASSIFICATION

1 e2 i ! . '< Establishment consists of REFINERY operations ONLY. (There may be 
nonrefinery Ipetrocherriicel) operations colocated, but those operations 
are identified as a separate establishment for purposes of the Annual 
Survey of Manufactures, Census Form MA- 1000.)

2Ll Establishment consists of both HEF1NERY AND NONREFINEflY 
operations.

31 J Establishment consists ol NONREFINERY operations ONLY. (There 
may be colocated refinery operations but those operations are 
identified as a separate establishment for purposes of the Annual 
Survey of Manufactures, Census Form MA-1000.1

INSTRUCTIONS

Compfof* Version A of Section II but do NOTmttkt any 
•ntrto*Mcofumn«9«ndf0. Ignore Version B of Section II 
on pages 4 and 5.

Cornpfef* Vavston A of Section II INCLUDIMO coJkimm
9«vMf 1O. Ignore Version B of Section It on pages 4 and S.

Compittt Venton B of Section II on pages 4 and S. Ignore 
Version A.

VERSION A

Ur
Census 111 

Energy sources Use f 
Only rape, 

quan
ID (2i i:

A. PETROLEUM BASED
1. Crude oil/lease condensate 208

2, Residual fuel oil (numbers 5,6, navy *•' 
special, and bunker c) 216

3. Distillate fuel oil (numbers 1 , 2, and 4 
fuel oils and diesel) 224

,h. Entsf amount* for onttf* *atabllflnnMnt
"•d Quantity T°tal expenditure, including 
" purchased by and delivery chergea. for the ^Tl^.'^!' 
rtlng delivered w this quantity In col. (41 (trsnsfers in and 
Utl« establishment (51 centre! purchases)
) 14) Mil. ) Thou. Dol. |6)

4. LPG lethane, ethylene, propane, 
propylene. butane, butylenel 240 Gallons

8. Motor gasoline 232 t
6. Waste and byproduct gases (e.g., refinery Million 

off gas, vent gas, plant gss, still gas) 620 •««

7. Petroleum coke 703 ••"•'•

8. Waste oils and tars 711
». Other (Specify) Million 

950 Btu

968

B. NONPETROLEUM BASED

1. Anthracite 406

2. Bituminous and subbttuminous coal 4 1 4

3. Breeze 448 sh
tor

4. Coal coke 430

5. Lignite 422

6. Touil coal and coke (Sum ol anthracite, 
bituminous and subbituminous coal

irt
!•

,

. ! !

7. Nstural gas

8. Hydrogen

9. Waste materials (wastepaper, 
packing materials, etc.)

10. Other ISpecifyl

1,000 
307 «•"•

638

729 Million

976

984

U
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Consyrraptlon Survey
• :^^

<-. 11-dtgH C.nim Flk> Mumbor 

8«cUpn II ~ COMBUSTIBLE EMEROY SOURCES - Con«lnu»d __________________________

VEMION A - Ctmttnuad -••;••- _______
-: ; :

En*rgy sources U.« 
Wf* «««bliiiim«nt» Only

.-la) 4; •::„;;;::;___jipi. ___' . :' ' 1111________ 1121

-.. . - '.:..:. .' . A.prmoiEUMBASED
'-•_______________ ___________ •______ 1. Ctulto oil/least, condeiwate______ ^OB
^Copy to line l of suction 3 _>

: ; 2. R«idualfu«(oil(numb8rsS, 8, navy
i:;-:1_:__:__________ . , ,,, ;, 1;;i;.; :fa:\:;.,..-, _______ spacol, and bunkuf cl_________ 218
Q&y I<ftiM 1 ofsoction3g ;

-:•-•.• . "LL;--JL'-.:-:-- : ' S,DI«t««»: «wl oil (numbers 1,2, and 4
:^___________ ______--_- ___________ tuel oilt and dieMll_________ 224
; Cop* tola* I of sections p .....:.'....... •

: . ...... .......,._. 4. LPGtoDWw, othyterw, prop«n«,
±-.___________ . . ....- •-'.•,-- -_________ orooylana, butane, bmylonol____ 240

''".'__________ ______i___: ___________ 5. Motw ge»oHn»___________ 232
;:'• : ' 0.Wwt««^ibyproductg&ae5le.g.,refinery

:: > . ;_________ . •' ••::. ':. ., ^__________'_______ off gnt vaht g», plant gag, atitt gasi 620

- ___________ . ::..,/.....,.___________ 7. PatfbliBurn coke__________ 703

''..___________ _____ ' _______ t; WMle olteand ure_________ 711
1 : '..-,•••' 8. Oltw
: v*____________ ________ ...: _______ _______•_______________ 950

- '_'...:... ' '....'........:.'-988

________ _______ ______ ____ 406

_____ ' , ...., .......... ____^J 2.Bitufninoijaandgubbiiuniinouscoai 414

____'• ' : ___________ 3. BrwCT/::. ___________ 448

: .;\.'j;: ::.... . ... . «. Coalcblie ______ 430

____i_^_i. ___________ 8. Ugrula ____________ 422
tsection 3 3 , :: :

8. T<rtlrtco>»I:endcok8 ISum of anthracite,
, . : iitwriii^ujr'«nrfsu66frunwKws«wA 

________ ___________ brsfit, coal cake end lignite:____ 4S5—
7. Natural gas 307

8. Hydrogen
0. Waste materials {wastapap«r,

. etc.}
10. Other

PageJ
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1988 Manufacturing Energy Consumption Survey 
Form EIA-846B (Continued)

^ Section II - COMBUSTIBLE ENERGY SOURCES - VERSIONS

Ur
'Census Ul 

Energy sources Use f 
Only rape

H. Energy sourcea n
•<l Quantity Total expend* 
>' purchased by and delivery chs 
•ting delivered to this quantity 
«MM estsbllshmant 1!

111 121 (3) 141 Mil. ; The
A. SOLIDS

1, Anthracite 406

2. Bituminous and subbituminous coal 4 1 4

3. Breeze 44B

Ki«tva<i!n198S
uro, inckidinfl 
i cof. <4I (trini(t>f» ki •nd

u. | Dot. (6)

•non 
tons

4. Coal coke 430

6. Lignite 422

S. Total coal and coke ISum of anthracite, 
bituminous and subbituminous coal, 
breeze, coal coke and lignite! 46 B

Million 
7. Biomass 901 •'"

••rote
1. Petroleum coke 703
9. Roundwood {wood cut specifically 

for fuel use) B02
10. Waste materials (wastapaper, 

packing materials, etc.) 729
Million

11. Wood chips, berk, and wood waste BIO Btu
12. Other solids ISpecifyl 

919

927
• OASES ,.000

1. Natural gas 307 •"• *•

2. Acetylene 646

3. Blast furnace gas 604

4. Coke oven gas 612
Million 

8. Hydrogen 6 38 •'"
1. Waste and byproduct gases {e.g., refinery 

off gas, vent gas, plant gas, still gas) 620
7. Other gases ISpecifyl

935

943 '
C. LIQUIDS

1 . Distillate fuel oil {numbers 1 , 2, and 4 
fuel oila and dieaal) 224 latixto

2. Kerosene 273 '
3. LPG (ethane, ethylane, propane, t 

propylene, butane, butvlane) 240 '

4. Motor gasoline 232 t
MHHon

C. Pulping or black liquor 737 •<"

6. Residual fuel oil (numbers 5, G, navy Bamta 
special, and bunker c| 216 ^^

7. Waste oils and tars 711 |
t. Other liquids ISpecifyl MHMon

960 "t"

968 1

For the purposes ol questions 1, 2s, and 2h below, energy sot 
fuel oil, ethane/ethylene, isobutane, petroleum coke, propane

1 . Total Btu content of energy source products shipped duri 
If the answer to question 1 is zero, omit questions 2a and 2b a 
If question 1 has a nonzero response, include in the answers t 
source products that were reported in question 1. 
2a. Total Btu value of all energy source inventoiies as of Oece

2b. Total Btu value of all energy source inventories as of Dece

mes include: acetylene, breeze, butene/butylerw, coal coke, dial/Hate 
'propylene, and residual fuel oil. }ll

rig 1988. ...................... . Milllnn Rtn

nd proceed direc try to question 3 on page 5. 
y questions 2a and 2b only those energy

mber31,1988. ...................... Milllnn Rti,

Pane 4
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1988 Manufacturing Energy Consumption Survey 
Form ElA-846B (Continued)____

»ii-eoMBU8Ti»i.EEHeHovgouncc«-vtB9iowe-co«»an>»d i.':"__________
Enaffiy «»"«Mpf«illimiimi«lt« In t9gJT Erwgy »ou>CM aCTIUHHMll oftBtle In 1968

QtuntHy - C«n*u«

of 0« notrfuol Only
BUrOOM* ... :: :

1101 ": • -.J'ttil ...... ..fl'.

',------ = - •--•• A.SOIIM ;.:..,i;i'
_ ____ ,_:r: :;;":::: ' ;;_______ t t Aflfh>*Cll8:--..:; _______________ 408

___ '.•'~~t-r'.'"~' '".-LL.I-J______ 1.Btuminom«ndiutoilunnnoujcot! «i< 
iQve« zDNo

448

430

422

_4_JJ__ 

.... ..._________________.._____ 901
2DNO : :::- .. " ." .''/'>%;';

9.«ourn|y«X)d(»oodcirto(»ciflcilty
____ ______f:;.::;;;. J _____ fatfci«i:aiit:f::-"________ B02 

. \..: "':.-.. .'. 10.W»»«m«««fW»(w»«i»(i«(»r,

_____ ____'..^.__...:_'."_;_'._. .,....„.:____ 11.Woodofilia.ti«rk.«ndwoodwa»l» aio
12. OttMf «oid» '

____''.: -'^:£:.I_______ »19

_________i________________JJ7_

307 

848 

004

_ .^______ ______ _________________________ 812
^iDYM 2DNo -;: : : , ..,; l;: ;:.;

iDvos jOwo *: .';/'" """-' ».W»n««ndbyproductgMM(«.o..roflr»fv
::-v "• • _______". •,.":;.'!'.' :-' • : ' ___ Off QMt.MlljtflM^ pwRI 088i Itw QCit 820

¥•« sDNo ' --^;.:^;P"" 7.0thw(»jii»p;;: . . ~
________ _____ ::i':-.: __________ '•• •"'•••.: =as.;.. '____________ 936

943

224

273

..prop.-.

4. Motor M«*!.

gis^S:.. 
siriiSi

737

. Grton»
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1988 Manufacturing Energy Consumption Survey 
Form EIA-846B (Continued)____

b Section III - FUEL SWITCHING

Item description
<1)

1 . QiMittltY con»um«d — Copy the total electricity
receipts from line 4 of section I, and the quantities of 
coal and coke, natural gas, distillate fuel oil, IPG, and 
residual fuel oil consumed on site as a fuel from 
column (8) of section tl, version A « column (9) of 
section II, version B.
Now answer lines 2 and 3 as appropriate for the 
columns with nonzero entries in tine 1, Do not 
consider differences in energy prices when 
estimating amounts.

2. Quantity noniwltchibki — Enter the amount of 
the quantity in tine 1 that could NOT have been 
replaced within 30 days by another energy source 
in 1988.

3. Quantity •wftctwbto - Subtract line 2 from line 1 
and enter the results. This represents the total 
quantity of energy consumption that COULD HAVE 
BEEN replaced within 30 days by one or more 
alternative energy sources in 1 988.

Wow answer lines 4a through lOb as appropriate for 
the columns with nonzero entries in line 3. Complete 
one column before starting another.

4m. Of the amount shown in line 3, what is the maximum 
amount that could have been replaced by electricity?

4b. What is the minimum lead time required to make the 
swftch to electricity?

&•. Of the amount shown in line 3, what is the maximum 
amount that could have been replaced by coal and 
coke?

5b. What is the minimum lead time required to make the 
switch to coal and coke?

6a. Of the amount shown in line 3, what is the maximum 
amount that could have been replaced by natural 
gas?

Sb. What is the minimum lead time required to make the 
switch to natural gas?

7«. Of the amount shown in line 3, what is the maximum 
amount that could have been replaced by distillate 
fuel oil?

7b. What is the minimum lean time required to make the 
switch to distillate fuel oil?

8a. Of the amount shown in line 3, what is the maximum 
amount that could have been replaced by LPG?

8b. What is the minimum lead time required to make the 
switch to LPG?

9*. Of the amount shown in line 3, what is the maximum 
amount that could have been replaced by residual 
fuel oil?

EHt. What is the minimum lead time required to make the 
switch to residual fuel oil?

1Q». Of the amount shown in line 3, what is the maximum 
amount that could have been replaced by any other 
energy source? Identify that energy source. ^

Electricity
109 (2 ,

KilowBlthdurs

Kilowattbours

Kilowatt hours

Kilowatthours

i Diets than 1 day 
2O t day tot week 
3 D More than 1 weak but within 30 days

Kilowatt hours

iD less than 1 day 
iDl day to 1 week 
sDMora than 1 week but within 30 days

Kilowatthours

iD Less than 1 day 
2Dl day 101 week 
3LJ More than 1 week but wrtfWn 30 day*

Kilowatthours

1 Dies* than 1 day 
2Dt day to i w«ek 
3 D Morn than 1 week but within 30 dayi

Kilo watt hour*

1 Q Lest than 1 day 
20 1 day to 1 week 
3D Morn than 1 week but within 30 days

Kilowatthours

lOb. What is the minimum lead time required to make the, iPh^ihan \ *,v 
switch to that energy source? Fn 2LJl day to 1 week

3D More than \ week but within 30 days

Total coal and cok*
i 4" 01

Short ions

Short tona

Short tons

Short tons

l DL«« than 1 day 
2Dl day to 1 we«k 
3 D More than 1 week but wrthin 30 days

Short tons

1 Dies* than 1 day 
2Dl day to 1 week 
sDMorathan 1 week but wrthai 30 days

Short tons

1 D Lass than t day 
20 1 day to 1 weak 
3 [D Mor« then I weak but within 30 dtys

Short tons

iD Lew than 1 day 
2Dldaytol week 
sDMora than t week but within 30 dayi

Short ton*

i G Leu than 1 day 
2Dl day to 1 week 
aOMore than t week but within 30 day*

Short tons

iQ Less than 1 day 
2Dl day to 1 week 
sDMofethanl woek but within 30 days

FQRMEIA 846BIS 1 891 " —-——-—• -™-i— .... .. .......... >. i ••< n. i. i

Page 6
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Consumption Survey

Section Hi ~ FUEL SWITCHING - Continued

Beuwel e»«''• Di«9l*t* tail alt IPS

a,ooc» cu.

(7J_

sOuMth.n1 day 
zDltteyiolwwk • -OljJiytoltM*

ys 3 D Mow Dun 1 WM* but wWiii 30 dsjj aO Mwethan 1 *«* but wilhin 30<JW aD More than 1 w«ok but within 30 day.

! B.Jtols , :"..•.-•:.-.-•••. ; : : Ssiions ™"—————Barrels

TDl^"ltaoT^~""

...iDidwiwwn
sDMwlh.n1 w,kbutwitHt,Wily.

—— GB|ion8 ; Bsmls

lQtwjth«n1d«y iDUrathanl d»y
2Ut4.yto1v«»k aOla»ytolwwk zQl*>yK,l«Mk

aPMowllMnl wMkbutwWnMctoy. 3QlA»t1h«il walk but witKn 30 Say.

*^>————- 

i»""""""""
**
wMkbutwllNi>30<toyi

a.,™!, -•;-;-—;————————————5 

ir^,'i,"~~"-:~--.-.-.-.. T0Ii"^,Tiy"
dW toi»«k : : iQ.i.*,«,i»«k
-ft"1.«*toqatt»^,. ' " • 3QM«ftan1w^

B.SS' ;: : . : .'; —-——siion;11 "'——-^r———

8Mth.n i<i.» - -X;,: .;--: tD_«i"._,7i,"~"~" •
U1 d«y»1 w«* , , -^£ .;.tDiajyioiwwk , ,......::_.

««^ l «^^^^^?::-:3Ql^tt»1v.^l»t»»|n 30d.v»::S^
^—^:^^^- ; ...':.;:,-::.:. :B,™,.-:;:; :::: ;-——55=——^^^W^^-a

"""r""~"Ti"""~~~~"'1g"^^
t„„* i:e.iw»i *Mk
. 1 wM> "
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1988 Manufacturing Energy Consumption Survey 
Form E8A-846B (Continued)____

Section IV — REMARKS — Please use this space or attach i separate sheet for any explanations that may if essential 
in understanding your reported data. Be sure to include the name, address, and telephone number of power generating 
establishments of your company that transferred or delivered electricity or steam to your establishment in 1 988 if you did 
not have enough room in section I.

Btction V — CKRTIf IOTION - Th« dan In thlt report h»v« b««n prepared in accordance with th« Innnutlorn.
Name of p«rton to cott«clt«irdirstlii§«portftieoftypi«Numb«> Cxterulon

Telephone

Address - Number ami soett »_... _. _ ̂ FROM: [MO^
'TO: IM£ oav viir

City State ZtPCtxfc Signature of authorized person

FOflM CIA-84M 15 1 Ml —— ~^ ————— ~~~ —— r~"

PageS
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19l|Sillipcturing: ConsMption Survey'

EIA-846B-I-' :

A. Who ts fhuponslbto for Conducting th« -
1 Energy Conaumptfon Survey?

lonsumption Survey
iSiSsiasslgnBd,: and is being sponsored, by** 

^::lip^irti«sft^dministration (EIA) of the U.S. 
..ilSfttt^olEHifgyf The survey is being . - •;:•—; 
g||Jiipd;Wtt)(icjmpHed by the U.S. Bureauof the; ;

U.SiOSVWtM&IT Of COMMERCE
: : BUHEAUOf THECEHSUS

INSTHUCT60MS FOH FORM EIA-846B

.St|itfSlii%ii*ojliBCt data on energy consumption s 
slpjSiiliiBjjjillirSj far«»e manufacturing sectorof 

the U.S. economy. In addition, it will measure the ;;:: 
short-term (within 30 days) capability of your 
establishment to have used substitute fuels in place 

S::^:iiowSSSi«illy ;ci3iriisumfld in 1988. The information ; 
obtained from the MECS will be used to publish .. ;.;.". • ;> 
aggregate statistics on the consumption of .energy .... : , 
for fuelandnonfuet uses, and on some energy- 
rstatad Issues such as energy pricas, electricity : 
generation onsite, and fuel-switching capabilities.

?:;C|;WrW.|^iwW? lifi»j«ort? . '.- .;^

y'isjtwmiatbry under the Federal Energy 
l«ictopB74, P.L. 93-275, and : 

' •' 8 of the Omnibus Budget "•'•'•- !& 
8, Public Law 99-509. ?:"!

are engaged in separate or distinct activities. These 
unite may be separated physically as %veil as

Soconomically, with separate rjepoflis or substantially 
accurate reports available for each. If this 
establishment has previously completed tits Annual 
Survey of Manufactures iASMJ;:%nn MA-1000, 
Conducted by the U.S. Census Bureau, 
establishment boundaries should correspond to 
those used for the ASM. ««* s»nK shouid tra

H tJMrtad a* a »«p«r«t« aztabllshmsnl QtSLV H that 
w«8 tha determination midafo? the ASM. Do

' not jxwwolMBt* two ASM «MaWi»ftm««ite into B.............. ........ . -->-•-."«——gioi.^,,MEGS,

hments operating
laurin refineries SIC 291 1, as defined by the 

19B7 StandaTd Industrial Classification Manual ^. . 
(SSCI. Establishments operating in the

i irBBBOf BeBMna sector. SIC 20 through 28, the 
;rtii!iiit*iI;M:;i(e^ft,-*nd SIC 30 through 39 will - 
S:BSrnp'jii|?sliSHa|1:SI8e5*O"T|s. Response by •« 

:; : esM(BliiialiMinci8t<ted in *e MECS sample 
iBSli^^lhliSiifVW and receiving the MECS : 
; :|Miy;'iBfrrvls;rB(S|eeaby law. Failure to respond 

may rasult in criminal fines, civil penalties, and other

O. How is My Prtvacy Praucttd?

3, U.S. Code, your report to 
the Census Bureau is confidential. It may be seen 
only by sworn Census Bureau employees and may 
be used only for ststisticat purposes. The law also

¥::(jlfoSi^»iiiJ)iat:^pj|pBwtained in your files are 
immune from togal process. • • . .,

The questionnaJrfl should be returned by the due 
data spacified on the form. Piaase use the enclosed" : ' ~

mth Street 
, IN 47132

VtttMIHIRI tttVt "-''

t is an economic Unit «=: 
at a singla physical location where the mechanical or
-g^illlllitllpiilfiBfrof materials or subMaHSSfis 
into MW products is performed. These operations 
tqcgtJKitP^PMi^n facilities <to«ffl>eS*fc£i&i 
plants, factories, of mills and charEcteristicalSy use 

imfani material-handjin'g ' . ;s_fc; 
ng also includes su<* .... ;;. -, 
Jv' of components of : :: ---;^i 
w«J the btondlrig of mawrtti 

s, resins, or'lid.u6rsp"";"

An establishment is not necessarily identical to a ' - '; 
business concern or firm, either of which may 
consist of ona or more establishments. An : ....:. : ;.: 
establishment may consist of one or more units that

v or separate « alngle ASM «*«bl(«hm«m Into
two MECSeatabltahmsmt. Match the 11-digit 
Census File Number (CFN! located on the MECS 
questionnaire mailing label with ths CFN on the ASM 
mailing label. Responses to MECS questions should 
Include the same activities as those considered 
when responding to the matching ASM. if this 
establishment has never completed an ASM, report 
for alt activities that occur at thh physical location.

Ssctten 1 • NQNCOMBUSTIBUE SMESGY 
SOURCES - "'''• •-.

Energy sources used in manufacturing can be divided
into two groups: combustible (capsbie of being 

" burned), and noncbmbuatlfaW;isach;;as elsctffcity,
staarn. and industrial hot water!, Tha purpose of 

;; iiction 1 is to collect 198B4|&|OitiOncombustible
ipnargy sources, in particular, efeBtncjty and steam.

•Column 2 collects data trMt*y|llSroyiae important 
information on the componenteflplsctricity 
production, and permit an estimate to ba made of the 
total eonsumption of e(eo«ricity)isi|^>ur 
establishment. Column 3 collects data on the 
additional contribution that sis«i*pliakiSis to the total 
Consumption of energy at your establishment through 
net transfers and steam generatfld on«ite by 
ranewabte energy sources; CdK|J|W* Collects data on

; Hot water purcrwsedfo^ use^BSiisefgy source and 
used at this establishment stiK ' : ':":

r ilsctrlclty is to be reported in thousands of kilowstt- 
hours. Steam and industrial hot water are to be 
reported in millions of Btu. If you keep your records for 
steam in pounds, use a factor of 1,200 Btu per pound 
of steam to convart vour data into Btu.

SPECIFIC INSTRUCTIONS : ; : ., .

Urn, 1 S - asiHEstltsr Pyrehssrf feus UtHHIss -

source that was purchasad from BUtiiHy and deSvered 
!SJ:ifii5;:««ablishment8it| fe!1||||i|i^!;!fl8ss.of whan 

:r .payment was made. For purposes of this question, 
utilities ere companies that produca snd/or deliver 
electricity and/or natural gas, and ara legally obligated 
to provide service to the gararal pubTffi within their 
franchise srsa. UtiBtios do nof Inc^dssijcri gerwretors 
Of siectriclty 08 indspendfffitpowBr producers, small 
power fwodusefs, or cogsfieratorsinot located at t!»E 

sita. Include (jusntitias pwchesfsd for . 
, *orex»rjii|Jii3;ijjrjS^i||ji»i of heat and

all:

• quantities purchased f rcm indepsrtdefrt power
=•: j^sdaosra; small powjr:fiS|piiijii/:w oogensrators 

nat located at fhis establislwssm sWs.
5 ̂ SianJtats' dejiysfed .*|i|iil|l|iigiblishmsms~

'quantities purchased and pfiifirtiy s csntrsl 
purchasing entity separate from this eetabllshmant.
quantities for which payment was mads In-kind.

omrmtfs oe t/kat 2
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1988 Manufacturing Energy Consumption Survey 
__Form EIA-846B (Continued)____

Une 1b — Expenditures For Purchases From 
Utilities — Enter the total expenditures for the 
purchased quantities reported on line la. Include all 
expenditures regardless of when payment was 
actually made.

Una 2a - Quantity Purchased From Nonutilltlas -
Enter the quantity of electricity and steam that was 
purchased from offsite nonutuility power producers 
and delivered to this establishment site in 1988, 
regardless of when payment was made. Include 
quantities purchased for ANY onsite use. 
Exclude all:

• quantities delivered from other
establishments in your company even if 
those quantities were repurchased from 
them by your establishment.

• quantities purchased and paid for by a 
central purchasing entity separate from this 
establishment.

• quantities for which payment was made in-kind.

Line 2b — Expenditure! For Purchases From 
Nonutillties — Enter the total expenditures for the 
purchased quantities reported on line 2a. Include all 
expenditures regardless of when payment was 
actually made.

Line 3 — Other Receipts - Enter all additional 
quantities delivered to your establishment site in 
1988 but not reported on lines 1 a or 2a. 
Include:

• quantities purchased and paid for by a 
central purchasing entity separate from this 
establishment.

• quantities transferred from another 
establishment of your company for which 
payment was not made.

• quantities delivered from another 
establishment of your company even if those 
quantities were repurchased from them by 
your establishment.

• quantities for which payment was made in-kind.

Line 4 - Total Electricity Receipts - Enter the 
sum of lines 1 a, 2a and 3 for electricity only. Copy 
this total electricity receipt figure to column 2, line 1 
of Section III - Fuel Switching.

Line 6 - Quantity Degenerated - Enter the 
total quantity of electricity cogenerated from 
all energy sources, including renewable 
sources. For purposes of this survey, electrical 
cogeneration is defined as the production of 
electric energy and another form of useful 
energy (such as heat or steam) through the 
sequential use of energy.

Line 6 — Quantity Generated from Renewables —
Enter the total quantity of each noncombuatible 
energy source generated onsite directly from solar 
power, wind power, hydropower, or geothermal 
sources. Any electricity produced as a part of a 
cogeneration process (that is, electricity generated 
from geothermal steam which is then itself used) 
should be excluded. Such quantities should be 
included on line 5.

Line 7 - Other Generation - Enter the total 
quantity of electricity generated onsite by all other 
means not included on lines 5 and 6 above. For 
example, electricity generated by diesel generators 
should be reported here.

Page 2

Une 8 - Sales or Transfers to Utilities - Enter 
the total quantity of electricity sold or transferred by 
your establishment in 1988 to utilities: For purposes 
of this survey, utilities are companies that produce 
and/or deliver electricity and/or natural gas, and are 
legally obligated to provide service to the general 
public within their franchise area. Utilities do not 
include such generators of electricity as independent 
power producers, small power producers, or 
cogenerators not located at this establishment site. 
Include quantities exchanged for the same or any 
other energy sourcets).

Une 9 - Sales or Transfers to NonutHNles -
Enter the total quantity of each noncombustible 
energy source sold or transferred in 1988 to 
establishments other than utilities. Include 
quantities exchanged for the same or any other 
energy source(s).

Une 10 - Nonutiltty Suppliers - If any
electricity reported in column 2, line 3 was 
obtained by transfer from another 
establishment of your company, enter the 
name, address and telephone number of the 
supplying establishment. If you received 
transfers from more than one of this type of 
establishment, use the "Remarks" siectionto 
identify remaining suppliers.

Questions 7I and 12 should be completed If there 
was any electricity generated et this establishment 
site in 1 988 /column 2 has a nonzero entry on 
lines 5, 6, or7). If your establishment had no onsite 
generation in 1988, omit questions ) T and 12 and 
proceed with Section II — Combustible Energy 
Sources.

Question 11 — Indicate by checking the 
appropriate box whether or not this establishment 
was electrically interconnected with an electric 
utility (that is, able to deliver electricity to the grid as 
well as receive electricity) as of December 31,1986.

Question 12 — Indicate by checking the 
appropriate box whether or not this establishment 
was designated as a Qualifying Facility (OF) under 
the Public Utility Regulatory Policies Act of 1378 
(PURPA) as of December 31,1988.

Section II - COMBUSTIBLE ENERGV 
SOURCES

There are two versions of Section II — Combustible 
Energy Sources. In order to determine which . 
version you should complete, first determine 
whether your establishment consists only of a 
refinery, only of a petrochemical operation, or 
some combination of the two. For purposes of this 
survey, a refinery is an installation that 
manufactures finished petroleum products from 
crude oil, unfinished oils, natural gas liquids, other 
hydrocarbons, and alcohol. Processes used by a 
refinery include fractional distillation, cracking 
(both catalytic and hydrocracking), coking, 
reforming, alkylation, isomerization, 
polymerization, hydrotreating and sweetening. 
Products include, but are not limited to, unfinished 
oils, motor gasoline, aviation gasoline, special 
naphthas, kerosene, distillate fuel oil, residual fuel 
oil, lubricating oils, asphalt and road oil, waxes, 
petroleum coke, still gas and petrochemical 
feedstocks. A petrochemical operation produces 
substances by the chemical treatment of raw ' 
materials derived from petroleum or natural gas. 
Among the final products are plastics (including 
synthetic rubbers), synthetic fibers, chemicals, 
drugs, and detergents.

COHTIHUC on Mac 3

96 Energy Information Administration/Manufacturing Fuel-Switching Capability 1988



Survey'''.;^ ____

Second, determine what establishment
''IJNCtumlaries/were/u^ed when completing the 

: . ;l:98R:Ainnua!-Survey of Manufactures. Check 
i th«i:lw rjisxltioiihe correct description of tJw v 
SrtaMSSJJJiWMSiiiie #>at contains ttie 

establishment identified on the address label. 
Opposite «sch box is the schedule of Section II '' '''

i (f Wi ersisSlisliiinent site contains 
rafinery opflratlphs only, complete

S y«|sioirt:A of S«e*oo II omitting columns
"SpMtlOtpttijSStt contains both 

refinery and adjacent petrochemical 
operations that arc identified as 
Mpitnt* ••tabllvhmantc for purposes ;

r'otliiSfS^'^raton A of Section II 
should be completed, omitting columns -'-

t site contains both 
.icat operations 
that are identified as a single . 
ettftBsljiJiBBiiitJor purposes of the 
ASM, complatsAU. unshaded areas of " '

::M;tfiK;«Stli!>Bsliiri)ent site contains 
p«id«l]8mi«i»l:pperations only, complete

i:J^raion:BBf,JS|ctH)n II . (If the site 
contains both petrochemical and refinery 
operations that aro identified as •oparats 
•iisb«9lHn*nt» for purposes of the 
ASM, complete vefsion B of Section II.)

. 
COMBUSTIBLE ENERGY SOURCES : ..;.;

Column 1 - Eiwrgy Sources to be R»port*d
SSi^|irf<W(;:S!(!fte!«s have been preprjriVMt.in,,

n based.
of the preprinted erisray/ ••? 

sources should be included for reporting and which''"

8nergy sources that were not 
;?il!Oil9(jr««(J;*!gB!ny;purpose at this establishment 
gSsl^aMB^sl SplpAit excluded energy souBces
SgSlSilia-lfiiHrag bu(;Snd no entries should b« H r 
SlrlS|l;!gi|plii|Jj;::'Next. if your establitihtrieiit 

y::8liiij9y sources for any purpose -:=- 
sWnot Included in the : '•" 
&lfeose energy source*1 anifeif: : :

dJBwrgy sources. NOTC;«tii=: 
s, the preprinted »ntr^" 

- Bases" ,lnclude*if!llM^! 
pte, refinery gas,:f|iej;oS^i:s

;;EiSillp^iiBf||ilpst!!I:gas, and other ' 
|J]f B»iSsi accept hydrogen.

s, including any : S
adliitipnsto the praprinted list, should bs further 

or exclusion by th*:v; f:s3s>

BjBShs of supply of an energy: - ;-.-•<: 
.™,,=m JSIiSS was as a byproduct of::,;.:, 
IHMjp^jpMBCjto to any of your T. '".:. t 

flijHpcesses, it should be 
""«« was at least partialty;: =3™ 

__^_-. =.__ - BfSB a fuel during 198f pSR 
is for heat, power, or BtoctricitygBriaratlon). 

iBllliiiiiti^iiSite-produced energr '^^ 
urea was consumed onsrte as a f del; ft >Si^ii^^S^^Li^^i::::;^^ j.. - - •''---; - - •:•=•-• •••

it j|jl!i>ipfi<?t excluded by the abcSS* 
lHiiJi|IS<WM ba mads in .. ^™s 

8 with the specific instructions for: "

Page 3

. Csluran 3 — Raperting Ur.lss - Use the indicated 
' units for reporting all quajrrt(iS{jij:ir|Sf:those 
: establishments that keep reeofifjn Btu, note that 
volume measures should b.e~fSpoJted as actual 
physical quantities, ratttw^^ftAtad to 
represent a standard erier9^;:G^i|rit. One barrel 
contains 42 gallons. TheapjtHWSt* liquid 
equivalent conversion facto(Q|:CfS|is; 3,603 miilion 
Btu per barrel. Petroleum eoielprJSBld also be 
reported in barrels. A barf el wliMibW approximately 
40O pounds of petroleum ortsSJoShe equivalent of 
6,024 million Btu, A short t&rBf lt|rsteiim coke 
obritairis approximately,36.JI;2B!|iW i8tu- Natural 
gas should be reported fcthJiiSplite of cubic feet. 
One thousand cubic leetpTni|8p;gas is equal to 
.about tG.3 therms, or 1,0

Column 4 — Quantity pBf^K^pil — Complete for
.nonpetroleum based enefgfis^|ricespnly, Enter the

.quantity of each energy souje^fljijat was purchased
and delivered to this establishmant in 1 988, 

' regardless of when'payrri«rliil|||'made, include 
:: quantities of those ewr^WiJUrpSslhBt were 

purchased lor ANY onsttattsejjjor example, the 
production of heat or powef^s|petro!ysis processes, 
steam cleaning, or as a petriiiSWcat feedstock or s 
raw material input to any frrSopft*uring operation. 
ExehNtai all: '•'•;'??. ̂  ' . -• '• • 

* quantities delivered ffom'snoirier establishment

were repurchas 
establishment. ! : :'.: : ;f " :.

• quantities purchased and paid for by a central
purchasing entity separateiftGrn this 

:. .establishment. . :

»: quantities for which payjii^rjIEJwss made m-kind.

Column 5 — ijqjanrfHswifi—s-CJomplete for non- 
! -petroleum based ensifySSii^SrMy. Enter the total 

expenditures for each of;ihl'||lipssd quantities 
reported in column 4. incfiMte aUuxpenditures
reiardiess of when paym8r\|S|i3;msde,

CeKimn A — Sther Rscsipts — Complete for non- 
petroleum tertdenergy swif|!ga! only. For each 
included, energy source, enter a!) additional 
quantities delivered to yoarisijMlshmefrt site in 
^988 but fH>t resorted incoliiirifi'^-i Isslade:

. ••:• quantifies purchasH Sjiidjg|Si|fw by a 
:: central purchasing anSt^^SH""""" I~~~ 

• establishment'.: : y •: :;:;: ::fla-

« quantftiestfansferrs<tirqrr|SS«her 
y:; Bstafcilshmsnt of yoM^Porj^SHysf or which 

: :, payment was netflMde'r-grsB.-.qv
:*:; quantities deliyer&d |ro;i1i|;Sfi^)Elisr'.. 
::. establishment bf ydUr^ftljpii^ even if these 

;: flu^nttttes were fepurcnSSBsi^iprh Ihsm by

; * quantities for which psiyrrjIJtMasmsde iri-Mnd.

• Eaduds any quantities trsrafsrrrt bstwiian s
- •pfliroteum t ef inery :t^$iiiljiygtjf>tmtt. if the two

: .w»is treated .as a sSS9sl|tiUlp!*htby.the ASM.

l|i"— Cornptets for 
: nonpatroisum based ansrgysstirses only. Enter the 

':; ioirt flusnflty of anyiirpg|^||Hl;tSiat was , 
: pwSduced onsiteto T&88jap|:pls^«t, a byproduct, a 

' waste malarial, of an output feom a captive ionsite) 
:: •rfljhe cr sflll, and wes:i|JIi|ii| jgrBaijy consumed 
iiaHSrtev Enter the TOTAti|i)iS|i|!r!pduced gnsite, 

fegardless of whertisr some or all of it was consumed 
"» i fuel or f*|d»tQoi^*rai3JttsHWW(*iM» sold, or ;
include petroleurn coke, .jhJSii||s*: :ahd stil! gas, 

::;Sanpla«>fw;nm'pqM^^H^^K!i«iQd scraps,
^ackjng rnaterials, waste ̂ :papSrlSnd cardboard, and 'waste oils. «,..„„:
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1988 Manufacturing Energy Consumption Survey 
____Form EIA-846B (Continued!___

Column 8 - Onsite Fuel Consumption -
Complete for ALL energy sources. Enter the quantity 
consumed onsite as a fuel for the production of heat, 
steam, power, or the generation of electricity. Also 
include fuel consumed by vehicles dedicated primarily 
for use onsite. Copy the entries, if any, in Column 8 
for natural gas, distillate fuel oil, residual fuel oil, LPG, 
and total coal products to line 1 of section III — Fuel 
Switching.

Column 9 — Onsite Nonfuel Consumption —
Complete ONLY if your establishment contains both 
refinery and non-refinery operations that are . 
identified as a single establishment for purposes of 
the ASM. Note that this column requests data for 
the NON-REFINERY operations only. Enter the 
quantity of each energy source that was consumed 
onsite for all purposes other than fuel use. Include all 
quantities consumed as feedstocks (for example, 
butane processed in producing rubber compounds), 
raw materials (for example, coal used to produce 
coke), additives, or ingredients for products 
manufactured by this establishment. Exclude all 
offsite dispositions such as sales and transfers to 
other establishments.

Column 10-Shipment* Offsite to Other 
Establishment* - Complete ONLY if your 
establishment contains both refinery arid non- 
refinery operations that are identified as a •mole 
establishment for purposes of the ASM. Note that 
this column requests data for the NON-REFINERY 
operations only. Enter the quantity of each energy 
source that was shipped offsite to any other 
establishment.

VERSION B - SECTION II - 
COMBUSTIBLE ENEROY SOURCES

Column 1 - Energy Sources to be Reported-
Twenty-three energy sources have been preprinted 
in column 1, separated into the general categories 
of solids, gases, and liquids. Determine from the 
criteria below which of the preprinted energy 
sources should be included for reporting and which 
excluded.

First, EXCLUDE all energy sources that were not 
consumed for eny purpose at this establishment site 
during 1988. All excluded energy sources should be 
lined out, and no entries should be made in any 
column. Next, if your establishment consumed any 
energy sources for any purpose during 1988 that 
are not included in the preprinted list, add those 
energy sources under the "Other" heading for 
solids, gases, and liquids. NOTE - In making 
additional entries, the preprinted entry "Waste and 
byproduct gases" includes all waste gas streams 
(for example, refinery gas, fuel gas, vent gas, 
offgas, still gas, and other waste gases) produced 
onsfte except hydrogen.

All unlined energy sources, Including any additions to 
the preprinted list, should be further evaluated for 
inclusion or exclusion by the specific criterion listed 
below.

If your only means of supply of an energy 
source during 1988 was as a byproduct of 
energy source inputs to any of your 
manufacturing processes, it should be 
included ONLY if it was at least partially 
consumed onsite as a fuel during 1988 
(that is for heat, power, or electricity 
generation). If none of that onsKe-produced 
energy source was consumed onsite as a 
fuel, it should be excluded.

Complete the appropriate columns for all energy 
sources that were not excluded by the above 
procedures. Entries should be made In accordance 
with the specific Instructions for these columns.

E!A-846e-l 16-1349)
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Column 3 - Reporting Unit* - Use the
indicated units for reporting all quantities. For 
those establishments that keep records In Btu, 
note that volume measures should be reported as 
actual physical quantities, rather than adjusted to 
represent a standard energy content. One barrel 
contains 42 gallons. The approximate liquid 
equivalent conversion factor of LPG is 3.603 
million Btu per barrel. Petroleum coke should also 
be reported in barrels. A barrel will hold 
approximately 400 pounds of petroleum coke, or 
the equivalent of 6.024 million Btu. A short ton 
of petroleum coke contains approximately 30.12 
million Btu. Natural gas should be reported in 
thousands of cubic feet. One thousand cubic feet 
of natural gas is equal to about 10.3 therms, or 
1.03 million Btu.

Column 4 — Quantity Purchased — Enter the 
quantity of each energy source that was purchased 
and delivered to this establishment in 1988, 
regardless of when payment was made. Include 
quantities of those energy sources that were 
purchased for ANY onsite use, for example, the 
production of heat or power, electrolysis processes, 
steam cleaning, or as a petrochemical feedstock or a 
raw material input to any manufacturing operation. 
Exclude all:

• quantities delivered from another establishment 
in your company even if those quantities 
were repurchased from them by your 
establishment.

• quantities purchased and paid for by a central 
purchasing entity separate from this 
establishment.

• quantities for which payment was made In-kind.

Column 6 — Expenditure* — Enter the total 
expenditures for each of the purchased quantities 
reported in column 4. Include all expenditures 
regardless of when payment was made.

Column e - Other Receipt* - For each included 
energy source, enter all additional quantities 
delivered to your establishment site in 1988 but not 
reported in column 4. Include:

• quantities purchased and paid for by a 
central purchasing entity separate from this 
establishment.

• quantities transferred from another 
establishment of your company for which 
payment was not made.

• quantities delivered from another 
establishment of your company nven if these 
quantities were repurchased from them by 
your establishment.

• quantities for which payment was made in-kind.

Exclude any quantities transferred between a 
petroleum refinery and a chemical plant if the two 
were treated as a single MtabHshment by the 
ASM.

Column 7 - Onsite Production - Enter the total 
quantity of any energy source that was produced 
onsite in 1988 as a product, a byproduct, a waste 
material, or an output from a captive (onsite) mine or 
well, and was at least partially connumed onsite. 
Enter the TOTAL quantity produced onsite, 
regardless of whether some or all of it was consumed 
as a fuel or feedstock, transferred offsite, sold, or 
otherwise disposed of. Exsmples of byproducts 
Include petroleum coke, hydrogen, and still gas. 
Examples of waste products include wood scraps, 
packing materlels, waste paper and cardboard, arid 
waste oils.

COHTIMin OH HkOt *
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- Somcaof OniHa Productkm - For- .::.
V:WtflpWw,*Bi4«N) rthat has an entry in column 7, 

JshBcIt ilw i'ViiBiSiipx if the amount listed in column 
£ resulted 'ir'Oi^iolrisurnption of any other energy 
60UTC8 listed in Section II - Combustible Energy 
Sources^ Check thfl "No" box if the energy source ; 
came from captive weUs or mines, or is a product: or ; ,: 
bvproductfwasle product from materials not listed in 
Section II 8s a combustible energy source. Examples'

i«Hroughthe 
in ''* chlorine plant 

checked.
• coke oven gas produced during the coal "Yes"

« wood chips produced as a byproduct of 
wood purchased for use as a raw materiel 
rathw than a fuel would have the "No" '

» pulping (black) liquor, usad in tho
d, that is

otherwise corfibustad, would have the" '

Column » - Onritt F««t Co - Enter
the tnmntitv consumed onsito as a fuel for the .. 
produotion of heat, steam, power, or the generation 
of elflctrleity. Also include fuel consumed by 
vehicles dedicated primarily (or use onsite. Copy the 

^»«pWsI;;i«jifc:Bi»iHnW) 9 for natural gas,, distillate;^:.; 
fuel oil, residual fuei oil, LPG, and total coal products 

!;- Fuel Switching. :' - : ™Sfi

CoiumnlO - Oratt* Nonfual Conaumotton ~
Enter the quantity of each energy source that was

te for all purposes other than fuel 
use. Include atf quantities consumed as feedstocks 
(for example, butane processed in producing rubber 
compounds), raw materials (for example, coal used 
to produce coke), additives, or ingredients for ^> "'•• 
products manufactured by this establishment. * 
Sxdud»»lloffsite dispositions such as sales and : :v 
trensfetswo«wrestablishments.' : : '- •

For the purposes of Questions 1, 2a, and 2b, energy 
sources and their npiifoxlmata Btu conversion' ; '

21,600 Btu/lb
19.8 million Btu/short ton
21,308 Btu/lb
20,787 Btu/lb
24.8 million Btu/short ton
S.825 million Btu/barrel
22,320 Btu/lb
21,644 Btu/tb
21,267 fltu/lb
6.024 million Etta/barrel :
21,661 Btu/lb
21,041 Btu/lb
6.287 million Btu/barrel

.. 
Distillate fuef oil

.
Petroieum coke

. 
Residual fuel oil

NOTE — H your estaWishmant uses more precise 
conversion values for your operations, use them in 
piece of the approximations given above.

Pages

- Entor the total Btu content of all 
energy source products shipped off site during 1988.
If the answer lo question 1 is zero, omit question 2, 
parts a and b, and proceed directly to question 3. If 
question 1 has a non-zero response, include in the 
response to question 2 only those energy source 
products that were reported in question 1.
Question 2a — Enter tha totai Btu value of all energy 
source inventories as of December 31,1987.
OuMtlon 2b — Enter tha total Btu value of all energy 
source inventories as of December 31,1988.
duration 3 — Enter the total design storage capacity 
located onsite as of December 31,1988, for residual 
fuel oil, distillate fuel oil, and LPG. Report the shell 
capacity (that is, the design capacity of the storage 
tanks) in the units of measure specified. Include:
• onsite capacity of all storoe facilities 

regardtessof the intended disposition of tha 
energy source (include both product storage 
tanks and tanks dedicated for onsite use).

• onsite capacity dedicated or leased for storage of 
energy sources owned by other establishments.

Section III - FUEL SWITCHING

This portion of the survey is intended to measure the 
short-term capability of your estabJiBhmem to have 
usedsubstHuteanergy sources in place of those 
actually consumed in 1988. Capability to use 
substitute energy sources means that this 
establishment's combustors (for example, boilers, 
furnaces, ovens, blast furnaces) had the machinery 
or equipment either in pla«e or available for 
installation in 1988 so that substitutions could 
actually have been introduced within 30 days 
without extensive modifications.

MOTE ~ Fuel-switching capabifity as measured by 
this survey does not depend on the relative prices of 
energy sources, it depends only on tha 
characteristics of your equipment and certain legal 
constraints. Fuel-switching capability sets limits on 
the extent to which you could switch to a substitute 
energy source if you wanted to or needed to. It has 
nothing to do with whether you would want to 
switch if you could. Therefore, relative prices of 
energy sources are not related to fuel-switching 
CAPABILITY and should be ignored wh<m 
completing ails section. I Si "

We recognize that records of fuel-switching 
capability are not regularly maintained. Accordingly, 
reasonable approximations of fuel-switching 
capability are acceptable. These approximations 
should be based on tha judgment of a person 
knowledgeable about the fuel-switching capability 
and operations of your establishment. They are not 
expected to be formal engineering estimates based 
on a day-by-day analysis of th« operating levels of 
Individual combustors and interactions between 
them. Respond as reallstlcatry as possible, given 
your actual operations in 1988.

Base your estimates on the availability of substitute 
energy sources and the physical condition of your 
equipment during 1988. Include switching 
capability that could haws nwiBtiaJfrorn the use of 
redundant and/or standby combustors, and from 
combustors that were already equipped to fire 
aStemotive fuels. Lines 1 through 3 of this portion of 
trie form measure your establishment's overall 
capability to have switched from specific energy 
sources in 1988. Linos 4a through 10b describe 
your capability to replace a given energy source by 
specific alternative energy sources.

GOttTIMUi: OH PACKS
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1988 Manufacturing Energy Consumption Survey 
_Form EIA-846B (Continued)____

Specific Imtrucllons

Una 1 - Quantity Conaumad - Enter the total 
electricity receipts figure from line 4 of Section I, 
and the fuel consumption figures from Section II 
for total coal and coke, natural gas, distillate fuel 
oil, LPG, and residual fuel oil. The quantities to be 
copied are noted in the appropriate boxes of 
Sections! and II.

Una 2 - Quantity NonawKchaUa - Enter the 
amount of the quantity reported on Line 1 that couJd 
NOT have been replaced within 30 days by any 
other energy source in 1988, even given a severe 
curtailment. NOTE — Include only that portion of 
total electricity receipts (purchases plus transfers in) 
that could NOT have been replaced by either onsite- 
generated electricity or energy source(s) which 
accomplish the same purposes as the offsite- 
produced electricity (e.g., supplying heat or power). 
Portions of individual fuels may be non-switchable 
due to limitations such as:

• the characteristics of your physical plant 
(for example, single-fired combustors or 
the absence of redundant and/or standby 
combustors), or the requirements of your 
manufacturing process.

• binding take or pay contracts with 
energy suppliers that were in place.

• environmental regulations which limit 
the amounts of potential replacement 
fuels that could be burned.

DO NOT consider current relative prices of fuels 
as a limitation to switching capability.

Una 3 - Quantity Swttchabla - Subtract line 2 
from line 1 and enter the results. These values 
represent the quantity of each energy source 
consumed that COULD HAVE BEEN replaced 
within 30 days by at least one other energy source 
in 1 988. NOTE — If all entries on line 3 are zero, 
complete the Comments and Certification sections 
of the survey and return it to the Census Bureau. 
For each entry on line 3 that is non-zero, complete 
the remainder of that column. Complete one 
column before starting another.

EIA-046B-I I6-12-S9I
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Una* 4 through 10, Part a - Rnplacamant 
Quantitlaa — Report the maximum amount of the 
quantity shown on line 3 that could have been 
replaced within 30 days by each of the energy 
sources on lines 4 through 1 p, under the constraints 
listed in the instructions for line 2. Report all 
amounts in the units of the energy source that is 
being replaced. DO NOT convert this amount to units 
of the replacement energy sources. NOTE — Be sure 
to take into account not only the fuels that could be 
directly substituted for offsite-produced electricity, 
but also the fuels needed to generate electricity 
onsite that could have been used in place of 
electricity receipts.
NOTE - The sum of lines 4a through 10a for each 
column must be at least as large as the entry on line 
3 of that column, and may be larger if more than 
one alternative fuel could have been used.

Unaa 4 through 10, Part b - U»ad Thna - Mark 
the minimum lead time required to switch to each 
replacement energy source identified.

Sactfon IV - REMARKS

Please provide any explanations that may be 
helpful to us in understanding your reported data. 
Attach a separate sheet if necessary. Be sure to 
include the name, address, and telephone number 
of nonutility power generating establishments of 
your company that supplied electricity to your 
establishment if you did not have enough room in 
section I to identify them.

Section V - CERTIFICATION

Period Covarad By This Report - Enter the 
month, day. and year of the beginning and the 
end of the period covered by your report. If a 
calendar year report: "From January 1 to 
December 31,1988,"; if a fiscal year, specify 
which (such as "From December 1, 1987 to 
November 30,1988"). If a part-year report is 
submitted because the establishment was not in 
operation or under your company's control for 
the entire year, specify the actual period 
covered: for example "January 2, 1988 to 
August 15, 1988," or "June 1, 1988 to 
December 31,1988."
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1988 Manufacturing Energy Consumption Survey 
____Form EIA-846C (Continued)____

Section II -COMBUSTIBLE ENERGY SOURCES

Cannus 
Energy sources Use 

Only

111 121
A. MUM

1. Anthracite 406

Ulthf Energy sources moahraij in 1 988
used Quantity Total expenditure, including total other receipts

|3| (4) Mil. Thou.

2. Bituminous and subbituminous coal 414

3. Breeze 448

4. Coal coke 430

S. Lignite 422

6. Total coal and coke /Sum ot anthracite, 
bituminous and suooifumfnotu coal. 
6ree»,coa/ coke and fen/re) *S!i

tens

MWton 
7. Biomass 901 •"•

•.Petroleum coke 703
». Roundwood (wood cut specifically 

for fuel usel 802
10. Wane materials (wanapaper, 

packing materials, etc.) . 729

II.WoodcNps, bark, and wood wasto 810

M-.

MHHoo 
llu

12. Other solids (Specify! 1 
919 1

927 1
B. OASES

1. Natural gas 307

2. Acetylene 646

1.000 
en. ft

3. Blan furnace gas 604

4. Coke oven gas $12

•.Hydrogen 638
». Waste and byproduct gases (e.g., refinery 

o«9*s.vtntja»,BUjnta*».tt«fo«ll 620
7. Other gases ISptclfyl 

936

MMeit 
•tu

943
C. LIQUIDS

1. MstMate fuel oil (numbers 1, 2, and 4 
fuel oNs and diesell 224 lartele

2. Keroeane 273 I
3. LPG (ethane, ethylene, propane, 

propylene, butane, butvtane) 240

4. Motor gaeolina 232

t
" I"

MMon 
S. Pulping or Mack liquor 737 •«•
6. Residual fuel OK (numbers S. 6, nav>' aianele 

special, and bunker c) 2ifl — _,

7. Wane oils and tars 711
•.Other liquids (Specify;

850

968

1

•tu

1

Dot. |fl,

FortnepurpOfMofouenkms r. 2a, imUbtvtow, ttwgytoarca include: Kttylm, bnat, outanevfeufytarie, coafcoke, diriMeM 
fae* o«, ithm/tthyltnt, Itobutano, petroleum »*», ptopine/ptopytm, and nnMut/ rue/ o».

112

1. Total Btu content of energy source product* sNppad during 1988. .MMkmBtu
Hthttmtmrtoqumtlon 1 itzKo. omitqutstiont 2i> ind2bmilprocmldirtctir toiiuntlon 3on ftft3. 
H ovation in*itnaa»roinpontii,incluit*in#atnsw>atoqatstiont2iKtil2bonlYthot»tntim 
taunt pmtuctt Out wtrt reporterf in qtmtion I.
2a, Total Btu value ot all energy source inv«ntone« as of December 31, 1987. .....................

2b. Total Btu value ot all energy source Inventories as of December 31.1988. .....................
.MWionBtu 
.Milton Btu

Page 2
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tilli^ Consillption Survey
' Worm EiyyJUi-' (Continued)____

nt>rtMlMUt>l!>hm»nr« 11-<it<|lt CmulFltaNtiaibw I

En8ravaourcs«aemum»doTHrt«in 1988

Copy to

« 2 D No

sDno

Cvntus 
Un 

Only

lliriitiWiptjn «w«s?« c«{i«/tv tocMK) omft. « of Owmter J»,

t. Anthi»cfti> • 408

2. Bitumliyjut and lubbitumifioua cori 414

S.Bnwze ,

430

421
«. Total c<M( «mi coin (Sum olnrthndu,

8.P«r<*>umooke*&**Mii**a '**M'

11. Wood chlB«.bartt,«ndwoodwi>81« 310

SI 9

__S2I_
307

846

«3»

7. OtturgMdi'

1.DlMB«»fmto(t(numt»t8l,2,»>d4

,«. Motor o»ojm_ _asa_
g. Putptr^ or big* liquor 737

•.Othwllqukto

i 'SSsi _—;_____ Bwnto 

.;;ii:jfi«.;________ Bamli 

* wSrt'-i—:————— Q«Horw
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1988 Manufacturing Energy Consumption Survey 
____Form EIA-846C (Continued)____

I Sactfonll! - FUEL SWITCHING

, Hern description
in

Electricity Total coal and cofc*

Quantity consumed - Copy the total electf icitv 
receipts from line 4 of section 1, and the quantities of 
coal and coke, natural gas, distillate fuel oil, LPG, and 
residual fuel oil consumed onsite as a fuel from 
column (9) of section II.

Now answer lines 2 and 3 as appropriate fot the 
columns with nonzero entries in line 1. Do not 
consider differences in energy orices when 
estimating amounts.

2. Quantity nonswHchabla — Enter the amount oi 
the quantity in line 1 thai could NOT have been 
replaced within 30 days by another energy source 
in 1988.

3. Quantity awftehaMa — Subtract line 2 from line 1 
and enter the results. This represents the total 
quantity of energy consumption that COULD HAVE 
BEEN replaced within 30 days by one or more 
alternative energy sources in 1 98S.

Now answer lines 4a through lOb as appropriate for 
the columns with nonzero entries in line 3. Complete 
one column before starting another.

4a. Of the amount shown in line 3, what is the maximum 
amount that could hava been replaced by electricity?

4b. What is the minimum lead time required to make the 
switch to electricity?

6a. Of the amount shown in line 3, what is the maximum 
amount that could have been replaced by coal and 
coke?

Sb. What is the minimum lead time required to make the 
switch to coal and coke?

6a. Of the amount shown in line 3, what is the maximum 
amount that coutd have been replaced by natural 
gas?

6b. What is the minimum lead time required to make the 
switch to natural gas?

7a. Of the amount shown in line 3, what is the maximum 
amount that could have been replaced by distillate 
fuel oil?

7b. What is the minimum lead time required to make the 
switch to distillate fuel oil?

8*. Of the amount shown in tine 3, what is the maximum 
amount that could have bmn replaced by LPG?

8b. What is the minimum lead time required to make the 
switch to LPG?

ML Of the amount shown in tine 3, what is tha maximum 
amount that could have been replaced by residual 
fuafoif?

9fe. What is the minimum lead time required to make the 
switch to residual fuel oil?

10*. Of the amount shown in line 3, what is the maximum 
amount that could have been replaced by any other 
energy source? Identify that energy source. -%

lOb. What is the minimum lead time required to make the 
switch to that energy source?

Kilowatthours

iD Less than 1 day. 
2Dl day to 1 week 
aQMorethan 1 week but wrthin 30 days

Kilowatthours

iD Less than 1 day 
20 1 day to 1 week 
3D More than 1 week but within 30 days

Kilowatthours

1 Q Less than 1 day 
2Ql day to 1 w««k 
3 D Mote than t week but within 30 day>

Kilowatthours

iD Less than 1 day 
2L*Zlldayiol week 
aQMofethan I week but within 30 days

Kiiowatthours

iQlfcssthan t day 
20 1 day to 1 week 
3 Q Mote than 1 week but within 30 days

Kitowatthours

tD Less than 1 day 
2Dl day to 1 week 
3 Q More than 1 week but within 30 days

Page 4

Short tons

1 Q Less than 1 day 
2LJ 1 day to 1 week 
3Q More thani wc*k but wrthin 30 days

Short tons

iQ Less than 1 day 
sO 1 (Joy to 1 w«* 
3D Mo*8 than 1 week but within 30 days

Short tons

tQ lew than 3 day 
jQ 1 day to 1 w*ok 
sQ More than ^ weak but w«*i 30 days

Short ton*

iD Uss thanl day 
sLjl day to 1 week 
3 D Mora than ? weak but within X days

Short tons

i GLOSS than 1 day 
I'D 1 day to 1 -,:•* 
3 D More than 1 wwk but wWwi 30 days

Short tons

iD Less than 1 day 
aOldaytol week 
jQwwe than 1 we«h but wrthin 30 days
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1988 Manufacturing Energy Consumption Survey
E8A-846C (Continued)

8*ctton 111 - FUEL SWITCHING - ConlinuMl

IE) tf)

Ollani ..'•'-.'V '-. B«ml>

.. . .-. 
sDMor.m.n 1 wnkbut^iainMdiy. iDMofettwnl ««koul wiihinMijirt sDntenttanl ««*bu<»W*M«ivt

BWrefc • ;S:::; "' ! '"-v° -' ' "" Onllons L : "' : Horrato —————

d«y 
: : :; jV: iD)«v»1

wi«*3!lJwl 3DF*reitwn 1

'tank;.'' v; f'. '; " GsUofil . :r;:-;';. .-.~ B»tr»l«

ldw . :; iDuwtlwn 
2Dld«ytol»«k :, ;:; ;iLzlL aD(<«yto1

Giltwu

dty .
.* - .. , .
«r«kb«wIMnJOiavi aDaaMftan!viMitutuWilnSOiUw

/ _

. : : ;
. ."'-!-:'; ..'.: 

.

o^ioni ; : :

iuy : : : . V
M«» . :/:...3.!

i «r«* but »«* iSii^ 

B»rt»l» -. •-•- :'':; :; : - ' QrtoM - :: S

. ... iDuutlimtdw v .• ii;-. jBiS|!»Hi*n1dw 
zDl dayiol wnk X; ' sQl <J»»to 1 wnft ; sQliivtol wMk
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1988 Manufacturing Energy Consumption Survey 
Form EIA-846C (Continued)____

8«ctfon IV — REMARKS — Please use this space of attach g separate sheet for any explanations that maybe esBomia 
in understanding your reported data. Be sure to include the name, address, and telephone number of power generating 
establishments of your company that transferred or delivered electricity or steam to your establishment in 1988 it you did 
not have enough room in section I.

ttetion V - CiRTIFICATION - Ttw d«t» in thl« ripen h«v« Imn pftpOTd In KcatOtnci wltti th« tnnrucHom.
^^^^^^ 

T*l«phon«

Addrw* - Number andstmt _^ ..„„..... FROM: S

TO: iMo. ,0*-, |Y« 
4_______I_______L_

City Statn JlPCode Signatui* of authorized ptrsort Oat*

Page 6
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___

i 'I:..,.. iNST!itil|l!iiil«|i:!FOBI«Elflr846C ^^Q • 
• -e»MOTiIca!» and 'MUifffi^il^^Kf^fiitm^ MM* Furnacat, and Santas

1S8S HSANUF&CTURIN6 ENERGY CONSUMPTION SURVEY

nergy Consumption
ing sponsored, b^ 
ion CEIA! oHhe'lf SS 

is being administered WS». .SJls
: Bureau of the Census^ ̂ ;igjJKfji

|iigi|ffi||i||««|»o»Qf Thto Survey? ^•^jjj 

a on energy cjSnsu|rjp;i;io^:]ffis

|fiiiii|li;:JHiiijaiiy|;Jni::additton, ft 
"i«Ji|l^«!iiil'!:SQ daysl capability of your^ y %*•• 

used .substitut8^MJft|l?l«ite 
ned in 1988..TH*:lnfei:iiSpS!fr 
will be used to-pubji^Err^r 

|ii!itWifl|s-on the consumption of ;W|Srp US -,. 
, and on soma.en*f|iy?S"W"-;-5; 

s, eletarieitf

are engaged in separate pripSfictactivities, These 
units may be separated ipfiysiisalry as well as 
economically, with separsftSJrsebrds or substantially 
accurate reports svailabIS fflfJiiSBh. If this 
Establishment has preyMSUsly'Sorrfpleted the Annual 
Survey of Manufactures tA^tVpForm MA-1000, 
conducted by the U.S. Cejrjsiif Bureau, 
establishment boundartes;sSii|rJ:Cprrespond to 
those used for the ASM . Eaoh unit should tw 
treated a« a separate e»t»l»M»hmant ONLY if that

not coniolldata two ASM establiBhments Into f 
sinflls astabitohmem tor |wip«t»a» of the MECS, 
or separata a single ASM sstabllshmant Into
two MECS estaWishmanta. Match the 11 -digit 
Census File Number (CFNI'.tScpftd, on the MECS 

- questionnaire mailing;{ab^|)iilJt!i!tS9 CFN on the ASM 
mailing label. ResporisetioiSiH|S questions should 
include the same activities?;8$cth8>se considered 
when responding to tlve r^jj^sftirig ASM. If this 
establishment has never cOiflpiSted an ASM, report 
for alt activities that occiiriat this physical location.

under the Federal |f«^y' ; 
74, P.L. m-

to Bstablishments ppeSting" 
291 1 ). and 3312/asSpSpR"™

SIC 20 through 27, and ;3<
i|iiil|li|gi!8W similar

isstected for the survey and receiving the

Protact«d?

. 
liSil^ retajned In your

flMMlMpiCiipOTl Du«T-.

re should be returned by the due 
tBHi/form. Please use *«; wwloaiid g
Ul JBw. envelopa bis. been':'; ; Jig ft::';; 

|i|i!;ij:tr)ie completed questfcrma!f;*:tg£;; :

:last Tenth Street 
, IN 47t32

F. Ho«t»aM«nMf»durlngEstabH»lim«

oatablishment is an economic unit'
etton of materials or substances 
s performed. the»«i>i>ir|i«ftiil* 

'conducted in facilities described. as 
rifts, or mills and characteristically USB
" lipltoss and mater la»^Bdllrtg>:*S ii= 
""'g also inciludea'SuchS ' '

- NONCOMBUSTIBLE ENERGY
-:. SOURCES :.;,j;rv-
Energy sources used in manoficturing can be divided 
into two groups: combustible (capable of being 
burned), and noncombustib(e<such as electricity, 
steam, and industrial hot wiljeiUThe purpose of 
section 1 is to collect 1988 data tor noncombustible 
energy sources, in particultpSlectricity and steam.
Column 2 collects data tHatwiit'pTOvide important 
information on the cprhpOftBtiBof electricity 
production, and permjtiajrpprJnMe to be made of the 
total consumption of slecffieity* your establishment. 
Column 3 collects data bri tbi additional contribution 
that steam makes to the tq^lsorisumption of energy 
at your establishment thrwsglri Wt'transfer8 and 
steam generated onsite by renewable energy sources. 
Column 4 collects dateblpasSSiSter purchased for 
use as an energy source anajSaeiJ at this 
establishment site. "if
Electricity is to be reported in thousands of kilowatt- 
hours. Steam and industrialfjpt water are to be 
tenortsd in millions of Btu, tf;ysiu keep your records for 
sttsarn in pounds, use a fao«or of 1,200 Btu per pound 
of steam to convert your daW Into Btu.

SPECIFIC INSTRUCTIONS

Lino Is - Qusntrty Purchalad From UflBttn -
: Enter the quantity orea* noW6mbust!ble energy 

source that was purchased from a utility and delivered 
to this establishment site in 1988, regardless of when 
payment was made. For purposss of this question, 
utilities are companies that produce and/or deliver 
etoctricrty and/or nstur8t;i«S*;in*»re legally obligated 
to provide service to the general public within their 
franchise area. Utilities do not Include such generators 
of electricity as independent power producers, small 
•power producers, or cogenerators not located at this 
establishment site. Include quantities purchased for 
ANY onsite use, for example, production of heat and 
power, electrolysis processes, or steam cleaning. ' ''

:sandthet ...-.__„__.. 
:, plastics, resins, or liquors.

is not necessarily identical to a 
___„..fir firm, either of which may 
tiiiiiiilprjipreestabllshmentii.An. .%.::;,i;. :i. 
' "ftttyfconsist of one or more unHsahat

i quantities purchased from independent power 
producers, small power producers, or cogenerators 
not located at this establishment site.

> quantities delivered from other establishments
in your company even if those quantities were

, repurchased from them by your establishment.
> quantities purchased and paid for by a central 

purchasing entity separate from this establishment.
> quantities for which payment was made in-kind.

cownmnr OHfAOti

Enirgy Information Admlntelrallon/Manufacturing Fuel-Switching Capability 1988 107



1988 Manufacturing Energy Consumption Survey 
Form EIA-846C (Continued)

Una 1b — Expenditures For Purchases From 
Utilities — Enter the total expenditures for the 
purchased quantities reported on line 1 a. Include all 
expenditures regardless of when payment was 
actually made.
Una 2e — Quantity Purchased From NonutllKU* -
Enter the quantity of electricity and steam that was 
purchased from offsite nonutuiUty power producers 
and delivered to this establishment site in 1988, 
regardless of when payment was made. Include 
quantities purchased for ANV onsite use. 
Exclude all:
• quantities delivered from other establishments 

in your company even if those quantities were 
repurchased from them by your establishment.

• quantities purchased and paid for by a central 
purchasing entity separate from this 
establishment.

• quantities for which payment was made in-kind.
Line 2b — Expenditures For Purchases From 
NonutllHIes — Enter the total expenditures for the 
purchased quantities reported on line 2a. Include all 
expenditures regardless of when payment was 
actually made.
Line 3 — Other Receipts — Enter all additional 
quantities delivered to your establishment site in 
1988 but not reported on lines 1 a or 2a. 
Include:
• quantities purchased and paid for by a 

central purchasing entity separate from this 
establishment.

• quantities transferred from another 
establishment of your company for which 
payment was not made.

• quantities delivered from another establishment 
of your company even if those quantities were 
repurchased from them by your establishment.

• quantities for which payment was made In-kind.

Line 4 - Total Electricity Receipts - Enter 
the sum of lines 1 a, 2a, and 3 for electricity only. 
Copy this total electricity receipt figure to 
column 2, line 1 of Section 111 — Fuel Switching,
Line 5 - Quantity Cogenerated - Enter the 
total quantity of electricity cogenerated from 
all energy sources, including renewable 
sources. For purposes of this survey, electrical 
cogeneration is defined as the production of 
electric energy and another form of useful 
energy (such as heat or steam) through the 
sequential use of energy.
Una 6 — Quantity Generated from Renewables —
Enter the total quantity of eech noncombustible 
energy source generated onsite directly from solar 
power, wind power, hydropower, or geothermal 
sources. Any electricity produced as a part of a 
cogeneration process (that is; electricity generated 
from geothermal steam which is then itself used) 
should be excluded. Such quantities should be 
included on line 5.
Una 7 - Other Generation - Enter the total 
quantity of electricity generated onsite by all other 
means not Included on lines 5 and 6 above. For 
example, electricity generated by diesel generators 
should be reported here.
Una 8 - Sales or Transfers to Utilities - Enter 
the total quantity of electricity sold or transferred by 
your esteblishment in 1988 to utilities. For purposes 
of this survey, utilities are companies that produce 
and/or deliver electricity and/or natural gas, and are 
legally obligated to provide service to the general 
public within their franchise area. Utilities do not 
include such generators of electricity as independent 
power producers, small power producers, or 
cogenerators not located at this establishment site. 
Include quantities exchanged for the same or any 
other energy source(s).

Page 2

Une9 - Sales or Transfers to NonutllHIes -
Enter the total quantity of each noncombustible 
energy source sold or transferred in 1988 to 
establishments other than utilities. Include 
quantities exchanged for the same or any other 
energy source(s).

Une 10 - Noniraltty Suppliers - If any
electricity reported in column 2, line 3 was 
obtained by transfer from another 
establishment of your company, enter the 
name, address and telephone number of tha 
supplying establishment. If you received 
transfers from more than one of this type of 
establishment, use the "Remarks" section to 
identify remaining suppliers.

Questions 11 and 12 should be completed if there 
was any electricity generated at this establishment 
site in 1988 (column 2 has a nonzero entry on 
lines 5, 6, or 7). If your establishment had no onsite 
generation in 1988, omit questions 11 and 12 and 
proceed with Section II — Combustible Energy 
Sources.

Question 11 - Indicate by checking the 
appropriate box whether or not this establishment 
was electrically interconnected with an electric 
utility (that is, able to deliver electricity to the grid as 
well as receive electricity) as of December 31,1988.

Question 12 — Indicate by checking the 
appropriate box whether or not this establishment 
was designated as a Qualifying Facility (QF) under 
the Public Utility Regulatory Policies Act of 1978 
(PURPA) as of December 31,1988.

Section II - COMBUSTIBLE ENERGY 
SOURCES

Column 1 — Energy Sources to be Reported —
Twenty-three energy sources have been preprinted 
in column 1, separated into the general categories 
of solids, gases, and liquids. Prior to completing 
columns 4 through 10, determine from the criteria 
below which of the preprinted energy sources 
should be included for reporting and which 
excluded.

First, EXCLUDE all energy sources that were not 
consumed for any purpose at this establishment 
site during 1988. All excluded energy sources 
should be lined out, and no entries should bs made 
in columns 4 through 10. Next, if your 
establishment consumed any energy sources for 
any purpose during 1988 that are not included in 
the preprinted list, add those energy sources under 
the "Other" heading for solids, gases, or liquids.

All unlined energy sources, including any additions 
to the preprinted list, should be further evaluated 
for inclusion or exclusion by the specific criterion 
listed below.

If your only means of supply of an 
energy source during 1988 was as a 
byproduct of energy source inputs to 
any of your manufacturing processes, 
it should be included ONLY If it was at 
least partially consumed onsite as a 
fuel during 1988 (that is for heat, 
power, or electricity generation). If 
none of that onsite-produced energy 
source was consumed onsite as a fuel, 
it should be excluded.

Complete columns 4 through 10 for all energy 
sources that were not excluded by the above 
procedures. Entries should be made in 
accordance with the specific instructions for 
these columns.

COHTIHUE :OM fAOt 3
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Consumption Survey

Uiifta - Use the indicated, 
tities, Forthoss

estabiistiments that keep records in Btu. note that 
volume measuras should be reported as actual 
physical quantities, father than adjusted to . ;; ...,.. 
raprasent a standard energy content. One barrel:/ 
diMilllliiiiiillhe approximate liquid. ."'..- ':-':'• 

SIiiiliiiSlbiSifJKsfi1 factor of LPG Is 3.603 milliotf 
S;;|!U:|iil»iBrMil|l?eftilaum coke should also be . .,:.: : 

rapottetf in barrels. A barrel will hold approximately 
400 pounds of petroteum coke, or the equivalent of .:: 

""'SfiNiplshprt ton of petroleum eokifc; fl/
iroximately 30.12 millionBtu. Natural 

|;^j|||i|gj| in thousands of cabfeTr*ti'r: 
One thousand cubic feet of natural gas is equal to

1.03 million Btu. , .,

. - Enterthjs ,, ; 
of each energy source that was purchased

iojItilsiestablishment in 1988, "j'ir'L ' 
wS*> P«Vmem was made. Ihdikte- -! •*' 

;S|i||9ftft:is!f)8'8Y sources that ware-":'-' ;••'=;,:>:;
use, for example, the : 

n of heat or power, electrolysis processes, 
pSali|r)Bfo:r.a8-a petrochemical feedstoc>oia 

|i!ii|rj||lM((ll»JE(i5lptit:to any manufacturing operations" '"""'" • •"

• quantities delivered from another establishment
ft'r: :i(ji||Sifi|jiii||rji¥:even, if those quantities '."""•.-. 
:f«7JVH^pfi*inM^Kl from them by your' " H;:;
•^'.^ii^gSS^g^f-i'' ... .--;-.;

« quantities purchased and paid for by a central 
purchasing entity saparuta from this
establishment. .. . . ;V;;:;;;

• quantities for which payment was made in-kind. 

Cohann B - Expwndttufss — Enter the total • ..;•:;:
)U

II expenditures

C<riumne-O«<«rRaG«l|>U - For each included 
energy (KHjrce, enter all addilional quantities. ', 
defivared to your establishment site in 1988 but not 
reported in'column 4. Include: ' '

« quantrties purchased and paid for by a : ••«:•£! 
csntrai purchasing entity separate from this' • '"'

• quantities transferred from another 
=r company for which

fWod from another .... ., ; .,.,- 
your company even if these 

were rtpurehased from them by

• qoantitios for which payment was made in-kind.

Column 7 ~ OnaH* Production - Enter the •:••• 
total quantity of any energy source that was 
produced onsrte in 1988 as a product, a • • :: : : 

uct, a wa*tematsri8l, or an output from a 
e (onofte) mlns or well, and was at least- • • "• '•= 
|-S|ij|M^i(>ri.sit«. Enter *« TOTAL 

quantity produced onsite, regardless of whether 
oome or all of it was consumed as a fuel or :f.::.: : ———==-' -== " L -^ioffsite, soW, orothflijiylwi ,

. sof bvproducuindudii ? , 
....,.,..,,.. _.. ..,.m!ij*;il!l;0«s, coke oven 8as,.wood ;;::: : 
cnfptWKlblSCk liquor. Examples of waste 
products Include wood scraps, packing materials, 
waste paper and cardboard, and waste oils. ": '.:..:±.:::.

PageS

Column 8 - Source of Onsrte Production -
For each energy source that has an entry in 
column 7, check the "Yes" boxlf the amount 
listed in column 7 resulted from consumption of 
any other energy source listedin Section II - 
Combustible Energy Sources.;Check the "No" 
box if the energy source came from captive 
wells or mines, or is a product or 
byproduct/waste product from materials not 
listed in section II as o combustible energy 
source. Examples include:

* hydrogen produced as a byproduct of 
natural gas in an ammonia plant would 
have the "Yes" box checked.

* hydrogen produced t^bugft'ttiti: 
electrolysis of brine in a chlorine plant 
would have the "No" box checked.

« coke oven ges produced during the 
coal coking process would 'fiia^e the 
"Yes" box checked. I

* wood chips produced as o byproduct of 
wood purchased for use as a raw 
material rather than a fuel would have 
the "No" box checked.

» pulping (black) liquor, uswf in the 
chemical pulping of wood, that is 
burned in a recovery furnecs or 
otherwise combusted, would have the 
"Ito" box checked.

• Column 8 — Or»Ha Fusl Consumption — 
Inter the quantity cqiiwiieitSWiSi as a fuel

.for the production of heat, steam, power, or 
the generation of electricity. Also Include fuel 
consumed by vehicles dedicated primarily for 
use onsite. Copy the entries, if any, in 
column 9 for natural gas, distillate fuel oil, 
residual fuel ail, LPG, and total coal pr&ducis 
to tine 1 of Section ill : - Fuel Switching.

Column 10 - OnsHs HonhuMi Gonnumptten -
Enter the quantity of aaclt energy source that was 
consumed onsite for all purposes other than fuel 
us«. Includa all quantities consumed a$ 
feedstocks (for exampja, burt«»:|*rocessed in 
producing rubber compounds!, raw materials (for 
example, coal usod to produce coke), additives, or 
ingredients for products manufactured by this

^establishment. Exclude a8 oftsiti:slisjwsitions
; tuch as sales and trans 
astablishmants.

Per the purposM of Qin>liiii^.i>r^. 
ensrgy sources and their a$»p«Mdmmta Btu 
convereton factors include:"3::.';'.

Acetylene
Breeze
Butans
Buiylane
Coal Coke
Distillate fuel 08
Ethane

21,500 Btu/ib
1 9.8 : \nWton Btu/short ton

2438;B&i«*ion Btu/short ton 
8i82Si:*Wion Btu/barrel 

' 22,320 Btu/lb

Isobutane 
Petroleum coke 
Proparie

8.024 mlten Btu/ban-al•

. Ftssiduai fuel oii B48?p*Siil«Bo Btu/barrei

NOTE - If your wtaWishrrtajrffittemors precise 
conversion values for your operations, use them 

-in place of the approximations given abovs.

. £O!iT!8U£ SIS ."&8£ 3
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1988 Manufacturing Energy Consumption Survey 
____Form EIA-846C (Continued) __

Question 1 - Enter the total Btu content of all 
energy source products shipped offsite during 1988.
If the answer to question 1 is zero, omit question
2. parts a and b, and proceed directly to question
3. If question 1 has a non-zero response, include 
in the response to question 2 only those energy 
source products that were reported in question 1.
Question 2a - Enter the total Btu value of all energy 
source inventories as of December 31,1987.
Question 2b — Enter the total Btu value of all energy 
source inventories as of December 31, 1988.
Question 3 — Enter the total design storage capacity 
located onsite as of December 31,1988, for residual 
fuel oil, distillate fuel oil, and LPG. Report the shell 
capacity (that is, the design capacity of the storage 
tanks) in the units of measure specified. 
Include:
• onsite capacity of all storage facilities 

regardless of the intended disposition of the 
energy source (include both product storage 
tanks and tanks dedicated for onsite use).

• onsite capacity dedicated or leased for 
storage of energy sources owned by other 
establishments.

Section III - FUEL SWITCHING
This portion of the survey is intended to measure the 
short-term capability of your establishment to have 
used substitute energy sources in place of those 
actually consumed in 1988. Capability to use 
substitute energy sources means that this 
establishment's combustors (for example, boilers, 
furnaces, ovens, blast furnaces) had the machinery 
or equipment either in place or available for 
installation in 1988 so that substitutions could 
actually have been introduced within 30 days 
without extensive modifications.
NOTE — Fuel-switching capability as measured by 
this survey does not depend on the relative prices of 
energy sources; it depends only on the 
characteristics of your equipment and certain legal 
constraints. Fuel-switching capability sets limits on 
the extent to which you could switch to a substitute 
energy source if you wanted to or needed to. It has 
nothing to do with whether you would want to 
switch if you could. Therefore, relative prices of 
energy sources are not related to fuel-switching 
CAPABILITY and should be ignored when 
completing this section.
We recognize that records of fuel-switching 
capability are not regularly maintained. Accordingly, 
reasonable approximations of fuel-switching 
capability are acceptable. These approximations 
should be based on the judgment of a person 
knowledgeable about the fuel-switching capability 
and operations of your establishment. They are not 
expected to be formal engineering estimates based 
on a day-by-day analysis of the operating levels of 
individual combustors and interactions between 
them. Respond as realistically as possible, given 
your actual operations in 1988.
Base your estimates on the availability of substitute 
energy sources and the physical condition of your 
equipment during 1988. Include switching 
capability that could have resulted from the use of 
redundant and/or standby combustors, and from 
combustors that were already equipped to fire 
alternative fuels. Lines 1 through 3 of this portion of 
the form measure your establishment's overall 
capability to have switched from specific energy 
sources in 1988. Lines 4a through 10b describe 
your capability to replace a given energy source by 
specific alternative energy sources.

SPECIFIC INSTRUCTIONS 
Une 1 — Quantity Consumed - Enter the total 
electricity receipts figure from column 2, line 4 of 
Section I, and the fuel consumption figures from 
Section II for total coal and coke, natural gas, 
distillate fuel oil, LPG, and residual fuel oil. The 
quantities to be copied are noted in the 
appropriate boxes of sections I and II.

EIA-&44C-I [&.1J-8BI

P«ga4

Une 2 - Quantity NonswHchabta - Enter the 
amount of the quantity reported on Line 1 that 
could NOT have been replaced within 30 days by 
any other energy source in 1988, even given a 
severe curtailment. NOTE — Include only that 
portion of total electricity receipts (purchases plus 
transfers in) that could NOT have been replaced 
by either onsite-generated electricity or energy 
source(s) which accomplish the same purposes as 
the offsite-produced electricity (e.g. supplying 
heat or power). Portions of individual fuels may be 
non-switchable due to limitations such as:

• the characteristics of your physical plant (for 
example, single-fired combustors or the 
absence of redundant and/or standby 
combustors), or the requirements of your 
manufacturing process.

• binding tak» or pay contracts with energy 
suppliers that were in place.

• environmental regulations which limit the 
amounts of potential replacement fuels that 
could be burned.

DO NOT consider current relative prices of 
fuels as a limitation to switching capability.
Une 3 - Quantity Swttchebto - Subtract line 2 
from line 1 and enter the results. These values 
represent the quantity of each energy source 
consumed that COULD HAVE BEEN replaced 
within 30 days by at least one other energy source 
in 1988. NOTE - If all entries on line 3 are zero, 
complete the Remarks and Certification sections of 
the survey and return it to the Census Bureau. For 
each entry on line 3 that is nonzero, complete the 
remainder of that column. Complete one column 
before starting another.
Unas4through 10,Patta- Replacement 
QuantHlee — Report the maximum amount of the 
quantity shown on Line 3 that could have been 
replaced within 30 days by each of the energy 
sources on lines 4 through 10, under the 
constraints listed in the instructions for line 2. 
Report all amounts in the units of the energy source 
that is being replaced. DO NOT convert this 
amount to units of the replacement energy 
sources. NOTE — Be sure to take into account not 
only the fuels that could be directly substituted for 
offsite-produced electricity, but also the fuels 
needed to generate electricity onsits that could 
have been used in place of electricity receipts.
NOTE - The sum of lines 4a through 10a for each 
column must be at least as large as the entry on line 
3 of that column, and may be larger If more than 
one alternative fuel could have been uiwd.
Unes 4 through 10, Part b - Ued Time - Mark 
the minimum lead time required to switch to each 
replacement energy source identified.

Section IV - REMARKS

Please provide any explanations that may be 
helpful to us in understanding your reported data. 
Attach a separate sheet if necessary. He cure to 
include the name, address, and telephone number 
of nonutility power generating eBtaWlnhment* of 
your company that supplied electricity to your 
establishment if you did not have enough room in 
section I to Identify them.

Section V - CERTIFICATION

Period Covered By This Report — Enter the month, 
day, and year of the beginning and the end of the 
period covered by your report. If a calendar year 
report: "From January 1 to December 31,1988,"; if 
a fiscal year, specify which (such as "From 
December 1,1987 to November 30,1988"). If a 
part-year report is submitted because.the 
establishment was not in operation or under your 
company's control for the entire year, specify the 
actual period covered: for example "January 2,1986 
to August 15,1988," or "June 1,1988 to 
December 31,1988."
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Appendix E

of Mipr industrial Groups and 
Selected industries

of .iB^u^^^apps. and selected' industries taken from the Standard 
1987 {S^||<||l|sappendix' includes descriptions of the 30 groups that

^^^^^^f 3iii|^;i;|fflsumptioa Survey^tfiese are the 20 major industrial 
e 10 major ene^g|i||simiiig industries (4-ilgit SIC). The Standard Industrial 

is described in Appendix A.

SIC •^j^^^^UiJ^^A Products: This ^|||| group includes establishments manufacturing foods and 
beverages for human consumption and certain related products such as manufactured ice, chewing gum, 
vegetable and animal fats and oils, and prepared feeds for animals and fowls. ' " •

in manufacturing cigarettes, 
" tobacco, snu|^;,jpi|^^i||ituted tobacco and in stemming and redrying tobacco.

: This major group includes establishments engaged in performing any of the 
ot. :ii^j|||:!||i|^uent manufacturing of yarn, thread, braids, twine,

fabrics, and carpets and rugs
' .finishing fiber, -y^ir|j||||irics, and knit applSfl; (4) coating, waterproofing, or

other finished articles from yarn; 
fobrics, and miscellaneous textiles.

Products: This major group, known as the cutting-up and needle trades, 
clothing and fabricating products by cutting and sewing purchased woven 

related materials,,i|^^^t||tiier, rubberized lyrics, plastics, and furs.

s This major group includes establishments engaged in cutting timber 
;, lath mills, shingle mills, cooperage stock mills, planing mills, and plywood 

producing lumber and wood basic materials; and establishments engaged in
maail^^^^^^ti^tides made entireliy^iilinfy of wood or reiaite|; materials.

sic
household,

SIC 26~Paper and Allied Products: This' 
mani
bosa^gi^^^^j§£& of paper, 
paper machine, paper bags, paper boxes,

SIC

est;a|l|i|ents engaged in manufacturing 
and office and store fixtures.

includes estalJlfcslrtnents primarily engaged in the
, and from rags; the manufacture of paper and paper

converted products, such as paper coated off the'''

Establishments priiij|iily engaged in manufacturing paper from wood pulp and'

: Establish!Ji|K|i||arify engaged in manufacturing paperboard, including-

Budget, Standard Industrial Classification Manual, 1987, pp. 67-263. 
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SIC 27—Printing and Publishing: This major group includes establishments engaged in printing by one or 
more common processes, such as letterpress, lithography (including offset), gravure, or screen; and those 
establishments which perform services for the printing trade, such as bookbinding and platemaking.

SIC 28—Chemicals and Allied Products: This major group includes establishments producing basic chemicals, 
and establishments manufacturing products by predominantly chemical processes. Establishments classified 
in this major group manufacture three general classes of products: (1) basic chemicals, such as acids, alkalies, 
salts, and organic chemicals; (2) chemical products to be used in further manufacture, such as synthetic fibers, 
plastics materials, dry colors, and pigments; and (3) finished chemical products to be used for ultimate 
consumption, such as drugs, cosmetics, and soaps; or to be used as materials or supplies in other industries, 
such as paints, fertilizers, and explosives.

SIC 2819—Industrial Inorganic Chemicals, Not Elsewhere Classified: Establishments primarily engaged in 
manufacturing industrial organic chemicals, excluding alkalies and chlorine, industrial gases, and inorganic 
pigments.

SIC 2821—Plastics Materials and Resins: Establishments primarily engaged in manufacturing synthetic 
resins, plastics materials, and nonvulcanizable elastomers.

SIC 2869—Industrial Organic Chemicals, Not Elsewhere Classified: Establishments primarily engaged in 
manufacturing industrial organic chemicals, excluding gum and wood chemicals, and cyclic organic crudes 
and intermediates, and organic dyes and pigments.

SIC 2873—Nitrogenous Fertilizers: Establishments primarily engaged in manufacturing nitrogenous fertilizer 
materials or mixed fertilizers from nitrogenous materials produced in the same establishment.

SIC 29—Petroleum Refining and Related Industries: This major group includes establishments primarily 
engaged in petroleum refining, manufacturing paving and roofing materials, and compounding lubricating oils 
and greases from purchased materials.

SIC 2911—Petroleum Refining: Establishments primarily engaged in producing gasoline, kerosene, distillate 
fuel oils, residual fuel oils, and lubricants, through fractionation or straight distillation of crude oil, 
redistillation of unfinished petroleum derivatives, cracking or other processes.

SIC 30—Rubber and Miscellaneous Plastics Products: This major group includes establishments 
manufacturing products, not elsewhere classified, from plastics, resins, and from natural, synthetic, or reclaimed 
rubber, gutta percha, balata, or gutta siak.

SIC 31—Leather and Leather Products: This major group includes establishments engaged in tanning, 
currying, and finishing hides and skins, leather converters, and establishments manufacturing finished leather 
and artificial leather products and some similar products made of other materials.

SIC 32—Stone, Clay, Glass, and Concrete Products: This major group includes establishments manufacturing 
flat glass and other glass products, cement, structural clay products, pottery, concrete and gypsum products, 
cut stone, abrasive and asbestos products, and other products from materials taken principally from the earth 
in the form of stone, clay, and sand.

SIC 3241—Cement, Hydraulic: Establishments primarily engaged in manufacturing hydraulic cement, 
including portland, natural, masonry, and pozzolana cements.

SIC 33—Primary Metal Industries: This major group includes establishments engaged in smelting and refining 
ferrous and nonferrous metals from ore, pig, or scrap; in rolling, drawing, and alloying metals; in 
manufacturing castings and other basic metal products; and in manufacturing nails, spikes, and insulated wire 
and cable.

114 Energy Information Administration/Manufacturing Fuel Switching Capability 1988



SIC 3312-SteeI Works, Blast Furnaces (Including Coke Ovens), and Rolling Mills: Establishments 
primarily engaged in manufacturing hot metal, pig iron, and silvery pig iron from iron ore and iron and steel 
scrap; converting pig iron, scrap iron, and scrap steel into steel; and in hot-rolling iron and steel into basic 
shapes, such as plates, sheets, strips, rods, bars, and tubing. " •'; ; "?:::f: ...

SIC 3334—Priiaary Production of Aluminum: Establishments primarily engaged in producing aluminum 
from alumina and in refining aluminum by any process. ; :~^ ^

SIC 34—Fabricatetl Metal Products: This major group includes establishments engaged in fabricating ferrous 
and nonferrous metal products such as metal cans, tinware, handtools, cutlery, general hardware, nonelectric 
heating apparatus, fabricated structural metal products, metal forgings, metal stampings, ordnance (except 
vehicles and guided missiles), and a variety of metal and wire products, not elsewhere classified.

SIC 35—Industrial Machinery and Equipment: This major group inciudes establishments engaged in 
manufacturing industrial and commercial machinery and equipment and computers.

SIC 36-ELectronic and Other Electric Equipment: -This major group includes establishments engaged in 
manufacturing machinery, apparatus, and supplies for the generation, storage, transmission, transformation,' ' "' ' '

SIC 37— Transportation Equipment: This major group includes establishments engaged hi manufacturing 
equipment for transportation of passengers and cargo by land, air, and water.

SIC 38— Instniments and Related Products: This major group includes • establishments engaged in 
manufacturing instruments (including professional and scientific) for measuring, testing, analyzing, and

instttti^ll^lp^^^^drogtaphic^ 'ti^^|^||qtU and...geop||p||:;:|quipment; 'Search, detection, 
navigation, and guidance systems and equipment; surgical, medical, and dental instruments, equipment and 
supplies; ophthalmic goods; photographic equipment and supplies; and watches and 'clocks.

major group includes establishments primarily engaged
in manufacturing products not classified in any other major group.
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Publiealiiiii on

on-

om the Naiicpsl 
or the Supermtendltt 

cover of this' M^pHt" 
f these publicatfi|p

'

data for the resideiort,

are

how t
NTIS;^!;

For
obtained 

220/275-0186.

RspGrt.on.th€\l^Mamtfscomng Industries' Energy 
ConmMptim^SJjjy^md Survey of Large Combus- 
tors; February' Ife,' DOE/EIA-G358, GPO Stock 
No. 061-OQ3-QQ193-S, $5.(X),

!- : -^^ : • 
Industrial Energy. Consumption, "Survey of Large
c(m̂ imtors.-;̂ ^^^(m j^itemiae Fuel-Burning 
CapeMiiies'"oJi^^ge. Boilers in 1979"; February 

• 19^ DOBBIIII304, GPO Stock No. 061-003- 
0233-1,

. .-
MefhodolG^cal^port of the 1980 Manufacturing

Combustors (EM-463);

. .
Seetor

. 
1991, DOE||fF

Stock

Manufacturing Energy Consumption Survey: Fuel

.Stock No.. :3Q6| ~'

pp.

Note: The nlite M the Nonresidential Buildings 
Energf C0ns(ii||itibn Survey was changed to the 
Commercial Ipdinp Energy Consumption 
Survey, beflBl|^..'with the 1989 survey. The 
sun^ name ip also dropped from the report title. " :"Yl^i--:''

Commercial Characteristics 1989; May 
1991, GPO Stock No. 061-

Energy Consumption 
of Commercial Buildings, 
DQE/EIA-0246(86), GPO

$16.00.

Energy Consumption 
of Commercial Buildings, 

GPO Stock
.

Energy Consumption
of :. Commercial Buildings,

the :NTIS, Order No.

Ensrgy tafsfmatSon AdmlnlrtrattenMafiyfacfarlafl Fuat Switehifii Cspabliity 1988 123



Nonresidential Buildings Energy Consumption 
Survey: Fuel Characteristics and Conservation 
Practices; June 1981, DOE/EIA-0278, GPO Stock 
No. 061-00300200-5, $9.00.

Nonresidential Buildings Energy Consumption 
Survey: Building Characteristics; March 1981, 
DOE/EIA-0246, GPO Stock No. 061-003-00171-8, 
$6.50.

Consumption and Expenditures

Nonresidential Buildings Energy Consumption 
Survey: Commercial Buildings Consumption and 
Expenditures 1986; May 1989, DOE/EIA-0318(86), 
GPO Stock No. 061-003-00613-2, $19.00.

Nonresidential Buildings Energy Consumption 
Survey: Commercial Buildings, Consumption and 
Expenditures 1983; September 1986, DOE/EIA- 
0318(83), GPO Stock No. 061-003-00496-2, $13.00.

Nonresidential Buildings Energy Consumption 
Survey: 1979 Consumption and Expenditures, Parti: 
Natural Gas and Electricity; March 1983, 
DOE/EIA-0318/1, GPO Stock No. 
061-003-00298-6, $9.50.

Nonresidential Buildings Energy Consumption Sur 
vey: 1979 Consumption and Expenditures, Part 2: 
Steam, Coal, Fuel Oil, LPG, and Total Fuels; 
December 1983, DOE/EIA-0318(79)/2, GPO Stock
No. 061003-00366-4, $6.00.

Residential Transportation 
Sector

Note: The survey name was dropped from the 
beginning of the report title starting with the 1988 
data report, and the report title changed to 
"Household Vehicles Energy Consumption 1988."

Household Vehicles Energy Consumption 1988; 
February 1990, DOE/EIA-0464(88), GPO Stock 
No. 061-003-00652-3, $11.00.

Residential Transportation Energy Consumption 
Survey: Consumption Patterns of Household Vehicles 
1985; April 1987, DOE/EIA-0464(85), GPO Stock 
No. 061-003-00521-7, $8.50.

Residential Transportation Energy Consumption 
Survey: Consumption Patterns of Household Vehi 

cles, 1983; January 1985, DOE/EIA-0464(83), GPO 
Stock No. 061-003-00420-2, $4.50.

Residential Energy Consumption Survey: Consump 
tion Patterns of Household Vehicles, Supplement- 
January 1981 to September 1981; February 1983, 
DOE/EIA-0328, GPO Stock No. 061-003-00297-8, 
$4.75.

Residential Energy Consumption Survey: Consump 
tion Patterns of Household Vehicles, June 1979 to 
December 1980; April 1982, DOE/EIA-0319 (no 
GPO Stock No.).

Residential Sector

Housing Characteristics

Note: The survey name was dropped from the 
beginning of the report title starting with the 1987 
data reports.

Housing Characteristics 1987; May 1989, DOE/EIA- 
0314(87), GPO Stock No. 061-003-00619-1, $13.00.

Residential Energy Consumption Survey: Housing 
Characteristics 1984; October 1986, DOE/EIA- 
0314(84), GPO Stock No. 061-003-00499-7, $12.00.

Residential Energy Consumption Survey: Housing 
Characteristics, 1982; August 1984, DOE/EIA- 
0314(82), GPO Stock No. 061-003-00393-1, $7.00.

Residential Energy Consumption Survey Housing 
Characteristics, 1981; August 1983, DOE/EIA- 
0314(81), GPO Stock No. 061-003-00330-3, $6.50.

Residential Energy Consumption Survey: Housing 
Characteristics, 1980; June 1982, DOE/EIA-0314, 
GPO Stock No. 061-003-00256-1, $11.00.

Residential Energy Consumption Survey: Characteris 
tics of the Housing Stock and Households, 1978; 
February 1980, DOE/EIA-0207/2, GPO Stock No. 
061-003-00093-2, $4.25.

Residential Energy Consumption Survey: Conserva 
tion; February 1980, DOE/EIA-0207/3, GPO Stock 
No. 061003-00087-8, $6.00.

Preliminary Conservation Tables fl-om the National 
Interim Energy Consumption Survey; August 1979, 
DOE/EIA-0193/P (no GPO Stock No.).
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Characteristics of the Housing Stock and House 
holds: Preliminary Findings from the National

Stock No. availa*«ES). 

Consumption and Expenditures • ' . . ;•. • ; - : • '

Note: ;l ' ||i,|iipjr^'^ii^,was dropped from the

Household
"were

and Expenditures 
2: Regional.

Household Energy Consumption and Expenditures''

stock: : NO.: '
end-use.

Household Consumption and Expenditures

Residential Energy Consumption Survey: Consump 
tion -

Data;
--: Stock ' No,

Residential Energy Consumption Survey: Consump 
tion ailliijlf' 1984

Survey:
il 1982 Througfi - : 

; November 
Stock'

0041li5

tion l^ 1982 Through • 'Mjjji!~ 
iata; D&xaANO. :'

tion 
1982,

1981 Through .- 
; September. 
Stock No

Residential Energy Consumption Survey: Consump 
tion and Ejtres, April 1981 Through March
1982, Pm^2tegional Data; October 1983,
DOE/EIA-OliiifSl), GPO Stock No- 061-003- 
00357-5, '

: Consump 
tion and Eyffes, April 1980 Through March 
1981, PM..'Wiijtimal Data; September 1982, 
DC>E/EI^r(iill|80), GPO Stock No. 061-003-'

Residential Energy Consumption Survey: Consump 
tion and £>pi|p|msi April 1980 Through March

Data; June 1983, 
GPO Stock No. 061-003-

Residential ' Jfi^ 'Consumption Survey: 1979-1980 
:Con}furapJi3!fij^ijE^enditures, Part 1: National 
Data 'j(j^js^jj(K,Conservation); April 1981, 
'DGEJE^mSg^PO Stock No. 061-00300191-2, 
$6.50. . - : . ;i;gv

ion Survey: 1979-1980 
Part II: Regional 

) GPO Stock No.

Residential l|i||f Consumption Survey: Consump 
tion and^Mjjjjiiitures, April 1978 Through 
March 1979; Wilf : 1980, DOE/EIA-0207/5, GPO 
Stock No. 06|il|M)0131-9, $7.50.

s: Fuel Oil Inventories and 
itur^:j^^ijnal Interim Energy Consumption 

Survey; ::I)ecpp|i ::1979, DOE/EIA-0207/1, GPO 
Stock 'Naj^^0p75-4i $3.5a

Other Publications on the Residential Sector

n of Residential Energy" 
(Article), : |g:|Jlpp,. Monthly Energy Review, July
1987, DOEll||p5(87/07).

Residential ii||| Consumption Survey: Trends in 
ConmrnpUo^KJ^E^enditures 1978-1984 June 
1987, J3«i|ip|-0482, GPO Stock No.

(XB4CMi:

Residential (js^mfation Measures; July 1986, 
SR/EEUD/8p||no GPO Stock No.).
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An Economic Evaluation of Energy Conservation 
and Renewable Energy Tax Credits; October 1985, 
Service Report (no GPO Stock No.).

Residential Energy Consumption and Expenditures by 
End Use for 1978,2980, and 1981; December 1984, 
DOE/EIA-0458, GPO Stock No. 061-003-00415-6, 
S4.50.

Weatherization Program Evaluation, SR-EEUD- 
84-1; August 1984 (available from the Office of the 
Assistant Secretary for Conservation and Renew 
able Energy, Department of Energy).

Residential Energy Consumption Survey: Regression 
Analysis of Energy Consumption by End Use; 
October 1983, DOE/EIA-0431, GPO Stock No. 
061-00300347-8, $5.00.

National Interim Energy Consumption Survey: Ex 
ploring the Variability In Energy Consumption; July 
1981, DOE/EIA-0272, GPO Stock No. 
061-003-00205-6, $5.00.

National Interim Energy Consumption Survey: Ex 
ploring the Variability in Energy Consumption-A 
Supplement; October 1981, DOE/EIA-0272/S, GPO 
Stock No. 061-003-00217-0, $4.50.

Energy Use by U.S. Households; November 1980, 
DOE/EIA-0248 (brochure, no GPO Stock No.).

Cross-Sector

Energy Consumption by End-Use Sector: A 
Comparison of Measures by Consumption and 
Supply Surveys; April 6, 1990, DOEIELA.-OS33 (no 
GPO Stock No. available), $2.50.

Natural Gas: Use and Expenditures; April 1983, 
DOE/EIA-0382, GPO Stock No. 061-003-00307-9, 
$5.50.

Public Use Tapes

Note: All tapes are available through the NTTS.

Residential and Residential 
Transportation Sectors

Residential Energy Consumption Survey: 1987 and 
Residential Transportation Energy Consumption 
Survey, 1988, Order No. PB90-501461, $220.

Residential Energy Consumption Survey: 1984 and 
Residential Transportation Energy Consumption 
Survey, 1985; Order No. PB87-186540, $220.

Residential Energy Consumption Survey: 1982 and 
Residential Transportation Energy Consumption 
Survey, 1983; Order No. PB85-221760, $220.

Residential Energy Consumption Survey: Consump 
tion and Expenditures, 1980-1981; Monthly Billing 
Data; Order No. PB84-166230, $220.

Residential Energy Consumption Survey: Housing 
Characteristics, 1981; Consumption and Expendi 
tures, 1981-1982; Monthly Billing Data; Order No. 
PB84-120476, $220.

Residential Energy Consumption Survey: Housing 
Characteristics, Annualized Consumption and 
Expenditures, 1980-1981; Order No. PB83-199554, 
$220.

Residential Energy Consumption Survey: Household 
Transportation Panel Monthly Gas Purchases and 
Vehicle and Household Characteristics, 6/79-9/81; 
Order No. PB84-162452, $220.

Residential Energy Consumption Survey: Household 
Screener Survey, 1979-1980; Order No. PB82- 
114877, $220.

Residential Energy Consumption Survey: Household 
Monthly Energy Consumption and Expenditures, 
1978-1979; Order No. PB82-114901, $220.

National Interim Energy Consumption Survey (Resi 
dential), 1978; Order No. PB81-108714, $220.

Commercial Sector

Nonresidential Buildings Energy Consumption Sur 
vey: 1986 Data; Order No. PB90-500034, $220.

Nonresidential Buildings Energy Consumption Sur 
vey: 1979 and 1983 Data; Order No. PB88-245162, 
$220.

Public Use Diskettes

Note: Diskettes are available through the NTIS 
and GPO.
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Residential Energy Consumption Survey 1987 Data,
NHS -"^^|im^i|der No. 
$130,' a|;]l|^i«rtot: Order'

order by title, $45GPO -
for eacn

, ASCII format: Order No. PB91-506SOS,

Residential Transportation Energy Consumption 
Swvey 1988 Data.miS- ASCII format: Order No.

t: Order No,'
GPO - ASCII/dBASE format, order by title, $15for " ' '' '

Manufacturing Energy Consumption Survey: 
Changes in .Wjjjjjji Consumption 1985 - 1988\ 
planned for early 1992.

Commercial Buildings Consumption and Expendi 
tures 19S9\ /piiiiii for early 1992.

Housing Characteristics 1990; planned for March 1992. ;;;;;•-::--

Household Energy Consumption and Expenditures 
1990, Parti: National Data; planned for September1992. ' ••^•:y^: -
Household Energy Consumption and Expenditures 
1990, Part 2: Regional Data; planned for December 
1992. ..;.-f :; ;

Planned Publications

Consumption

Household Ts Energy Consumption 1991; 
planned for December 1992.

Note: the Energy Information Administration also 
publishes :r^jjjjititte Energy Data Report 
Consumption Estimates annually, DOE/EIA-0214.
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Anthracite: A hard, black, lustrous coal containing 
a high percentage of fixed carbon and a low per 
centage of volatile matter. It is often referred to 
as hard coal.

Barrel: A volumetric unit of measure equivalent 
to 42 U.S. gallons.

Biomass: Organic (animal waste), nonfossil plant 
material constituting an exploitable energy source.

Bituminous Coal: A soft coal (the most common 
solid fossil fuel), which is high in carbonaceous 
matter, with a volatility greater than anthracite.

Blast Furnace: A shaft furnace in which solid fuel 
is burned with an air blast to smelt ore in a contin 
uous operation.

Blast Furnace Gas: The waste combustible gas 
generated in a blast furnace when iron ore is being 
reduced with coke to metallic iron. It is commonly 
used as a fuel witMn the steel works.

Breeze: The residue from the fine screenings of 
crushed coke.

British Thermal Unit (Btu): The amount of 
energy required to raise the temperature of one 
pound of water one degree Fahrenheit.

Butane (C^H16): A normally gaseous, paraffinic 
hydrocarbon extracted from natural gas or refinery 
gas streams. It includes isobutane (a branch-chain 
configuration) and isobutane (a straight-chain 
configuration). It is used primarily for blending 
into high-octane gasoline, for residential and 
commercial heating, and for industrial uses, espe 
cially the manufacture of chemicals and rubber.

Butylene (C^g): A normally gaseous, olefmic 
hydrocarbon recovered from the refinery processes, 
and converted to alkylate, a high-octane gasoline 
blending component.

Byproduct: A secondary or additional product 
resulting from the feedstock use of energy or the 
processing of nonenergy materials. For example, 
the more common byproducts of coke ovens are

coal gas, tar, a mixture of benzene, toluene, 
and (BTX).

A geographic area defined by the
of the Census, consisting of various States

selected to population size and physical
location. The are grouped into four regions:

1. Northeast: Connecticut, Maine, Massachusetts,
New Hampshire, New Jersey, New York, 
Pennsylvania, Island, and Vermont.

2. South: Alabama, Arkansas, Delaware, District 
of Columbia, Florida, Georgia, Kentucky, 
Louisiana, Maryland. Mississippi, North Caro 
lina, Oklahoma, South Carolina, Tennessee, 
Texas, Virginia, and West Virginia.

3. Midwest: Illinois, Indiana, Iowa, Kansas, 
Michigan, Minnesota, Missouri, Nebraska, 
North Dakota, Ohio, South Dakota, and
Wisconsin.

4. West: Alaska, Arizona, California, Colorado, 
Hawaii, Idaho, Montana, Nevada, New Mexico, 
Oregon, Utah, Washington, and Wyoming.

Coke: The strong, porous residue, consisting 
of carbon and mineral ash, which is formed when 
the volatile constituents of bituminous coal are 
driven off by heat in the absence of or with a 
limited supply of air. Coal coke is used primarily 
in blast furnaces.

Cogeneration: The production of electrical energy 
and another form of useful energy (such as heat or 
steam) through the sequential use of energy.

Coke Oven Gas: The mixture of permanent gases 
produced by the carbonization of coal in a coke 
oven at temperatures in excess of 1,000 degrees
Celsius.

Consumption: The use of energy as a source of 
heat or power, or as an input to the manufacturing
process.

Conversion Factor: A number which translates 
units of one system into corresponding values of
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another system. Conversion factors are used to 
translate physical units of measure for various 
energy sources into their Btu equivalents.

Crude Oil: A mixture of hydrocarbons that exists 
in a liquid state in natural underground reservoirs 
and remains liquid at atmospheric pressure after 
passing through surface separating facilities. Crude 
oil is reported as liquid equivalents at the surface 
(excluding basic sediment and water), measured in 
terms of stock tank barrels of 42 U.S. gallons at 
atmospheric pressure, and corrected to 60 degrees 
Fahrenheit.

Distillate Fuel Oil: A general classification for 
light fuel oils distilled during the refining process. 
The classification includes products known as Nos. 
1, 2, and 4 fuel oils; and Nos, 1, 2, and 4 diesel 
fuels. Distillate fuel oil is used primarily for space 
heating, on-and-off highway engine fuel, and 
electric power generation.

Energy: The capacity for doing work as measured 
in the capability of doing work (potential energy) 
or the conversion of this capability to motion 
(kinetic energy).

Energy Source: A substance such as natural gas, 
coal, or electricity that supplies heal: or power.

Establishment: As defined by the 1987 Standard 
Industrial Classification Manual, "...an economic 
unit, generally at a single physical location, where 
business is conducted or where services or industri 
al operations are performed." (See Manufacturing 
Establishment.)

Ethane (C2H<): A colorless., odorless, gaseous 
hydrocarbon extracted from natural gas or refinery 
gas streams. Ethane is used primarily as a petro 
chemical feedstock for the production of chemicals 
and plastic materials.

Ethylene (CjH^: A colorless, flammable, gaseous 
olefinic hydrocarbon recovered from natural gas 
and petroleum. Ethylene is used primarily as a 
petrochemical feedstock for numerous chemical 
applications and the production of consumer 
goods.

Expenditures: Funds spent for energy purchased 
and paid for, or delivered to a manufacturer during 
a calendar year. For the purposes of the MECS, 
the expenditure dollar includes State and local 
taxes and delivery charges.

Fossil Fuel: Any naturally occurring organic fuel, 
such as coal crude oil, and natural gas.

Fuel: Any substance; that can be burned to pro 
duce heat.

Fuel Use (of Energy): Use of energy in the pro 
duction of heat, steam, power, or the generation of 
electricity.

Generation: The process of producing steam or 
electrical energy by transforming other forms of 
energy.

Geothermal Energy: Hot water or steam, extracted 
from reservoirs in the earth's crust, which is gener 
ally supplied to steam turbines that drive genera 
tors to produce electricity.

Hydroelectric Powen Electricity generated by a 
turbine driven by falling water.

Hydrogen (H-j): A colorless, odorless, highly 
flammable gaseous element; the lightest of all 
gases and the most abundant element in the 
universe.

Industrial Sector: A. subdivision of U.S. economic 
activity defined by the Energy Information Admin 
istration to include manufacturing, construction, 
mining, agriculture, fishing, and forestry establish 
ments.

Kilowatthour (kWh): A unit of work or energy, 
measured as 1,000 watts (1 kilowatt) of power 
expended for 1 hour. Once generated, one kWh is 
equivalent to 3,412 Btu.

Liquefied Petroleum Gases (LPG): Ethane, ethyl- 
ene, propane, propylene, normal butane, butylene, 
ethane-propanemixtures,propane-butanemixtures, 
and isobutane produced at refineries or natural gas 
processing plants, including plants that fractionate 
raw natural gas plant liquids.

Lease Condensate: A natural gas liquid recovered 
from gas well gas (associated and nonassociated) in 
lease separators or field facilities. Lease conden- 
sate consists primarily of pentanes and heavier 
hydrocarbons, Volumes are reported in terms of 
barrels of 42 U.S. gallons, at atmospheric pressure, 
and corrected to 60 degrees Fahrenheit.

Lease Separator: A facility located at the surface 
for the purposes of (1) separating casinghead gas 
from produced crude oil and water at the tempera-
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ture and pressure conditions of the separator; and 
(2) separating gas from that portion of associated 
gas and nonassociated gas which liquefies at 
temperature and pressure conditions of the separa 
tor.

Lignite: A brownish-black coal of low rand with a 
high percentage of inherent moisture and volatile 
matter content. It is also referred to as brown 
coal.

Manufacturing Establishment: AH economic unit 
at a single physical location where mechanical or 
chemical transformation of materials or substances 
into new products are performed. These opera 
tions are generally conducted in facilities described 
as plants, factories, or mills, and characteristically 
use power-driven machines and materials-handling 
equipment. In addition, the assembly of compo 
nents of manufactured products is considered 
manufacturing, as in the blending of materials such 
as lubricating oils, plastics, resins, or liquors. (See 
Establishment)

Manufacturing Sector (Division): One of 10 fields 
of economic activity defined by the Standard 
Industrial Classification Manual. The manufactur 
ing sector includes all establishments engaged in 
the mechanical or chemical transformation of 
materials or substances into new products. Other 
divisions of the U.S. economy are agriculture, 
forestry, fishing, hunting, and trapping; mining; 
construction; transportation, communications, 
electric, gas, and sanitary services; wholesale trade; 
retail trade; finance, insurance, and real estate; 
personal, business, professional, repair, recreation, 
and other services; and public administration. The 
establishments in the manufacturing sector consti 
tute the universe for the MECS.

Motor Gasoline: A complex mixture of relatively 
volatile hydrocarbons, with or without small 
quantities of additives, obtained by blending appro 
priate refinery streams to form a fuel suitable for 
use in spark-ignition engines. Motor gasoline 
includes both leaded and unleaded grades of 
finished motor gasoline, blending components, and 
gasohol.

Natural Gas: A mixture of hydrocarbon com 
pounds and small quantities of various nonhydro- 
carbons existing in the gaseous phase or in solu 
tion with oil in natural underground reservoirs at 
reservoir conditions. Natural gas may be subclassi- 
fied as:

1. Associated Gas: Free natural gas, commonly 
known as gas-cap gas, which overlies and is in 
contact with crude oil in the reservoir.

2. Dissolved Gas: Natural gas which is in solu 
tion with crude oil in the reservoir at reservoir 
conditions.

3. Nonassociated Gas: Free natural gas not in 
contact with crude oil in the reservoir.

All natural gas volumes are reported in cubic feet 
at a pressure base of 14.73 psia, at 60 degrees 
Fahrenheit.

Nonfue! Use (of Energy): Use of energy as a 
feedstock or raw material input.

Petroleum Coke: A solid residue, high in carbon 
content and low in hydrogen, which is the final 
product of thermal decomposition in the condensa 
tion process in cracking crude oil. Petroleum coke 
can yield almost pure carbon or artificial graphite 
suitable for the production of carbon or graphite 
electrodes, structural graphite, motor brushes, dry 
cells, and similar products.

Petrochemical Feedstock: Chemical feedstocks 
derived from petroleum, and used principally for 
the manufacture of chemicals, synthetic rubber, 
and a variety of plastics.

Plant: Commonly used as a synonym for an 
establishment. However, the term can also be used 
to refer to a particular process within an establish 
ment.

Propane (CjELJ: A colorless, gaseous hydrocarbon 
extracted from natural gas or refinery gas streams. 
It is used primarily for residential and commercial 
heating and cooling, and also as a fuel for trans 
portation. Industrial applications include use as a 
petrochemical feedstock.

Propylene (C^^): A gaseous hydrocarbon recov 
ered from refinery processes. Propylene is used 
primarily as a petrochemical feedstock.

Pulping Liquor (Black Liquor): The alkaline spent 
liquor removed from the digesters in the process of 
chemically pulping wood. After evaporation, the 
liquor is burned as a fuel in a recovery furnace that 
permits the recovery of certain basic chemicals.

Quadrillion Btu: Equivalent to 1015 Btu.
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Refinery: A plant, device, or process which heats 
crude oil so that it separates into chemical compo 
nents, which are then distilled off as more usable 
substances.

Relative Standard Error (RSE): A percentage 
measure of the precision of a survey statistic. The 
RSE is defined as the standard error of a survey 
estimate divided by the survey estimate and multi 
plied by 100. The standard error is the square root 
of the variance.

Residual Fuel Oil: The general classification for 
the heavier oils that remain after the distillate fuel 
oils and lighter hydrocarbons are distilled away in 
refinery operations. The classification includes No. 
5 (Sight and heavy), No. 6 (including heavy-grade, 
so called Bunker C oil), and Navy Special fuel oil.

Roundwood:
fuel.

Short Ton: 
pounds.

Wood cut specifically for use as a

A unit of weight equal to 2,000

Solar Energy: The radiant energy of the sun, 
which can be converted into other forms of energy, 
such as heat or electricity.

Standard Industrial Classification (SIC): A 
classification scheme developed by the Office of 
Management and Budget, which categorizes estab 
lishments into groups with similar economic 
activities.

Still Gas (Refinery Gas): Any form or mixture of
gas produced in refineries by distillation, cracking, 
reforming, and other processes, the principal 
constituents of which are methane, hydrogen, 
ethane, ethylene, propane, propylene, butanes, 
butylene, etc. Still gas is used as a petrochemical 
feedstock and as a fuel in refineries.

Storage Capacity: For the purposes of the MECS, 
storage capacity includes any volumetric capacity 
(including tank tops and tank bottoms) that is on 
the establishment site even it is dedicated or leased 
for the storage of an energy source by other estab 
lishments.

Subbituminous Coal: A dull, black coal of inter 
mediate rank between lignite and bituminous coal. 
Subbituminous coal, like bituminous coal, is used 
as a fuel.

Turbine: A machine for generating rotary mechan 
ical power from an energy stream (such as water, 
steam, or hot gas). Turbines convert kinetic 
energy to mechanical energy through the principles 
of impulse and reaction, or a mixture of the two.

Waste Materials: O therwise discarded combustible 
materials which, when burned, produce energy for 
such purposes as space heating and electric power 
generation. The size of the waste may be reduced 
by shredders, grinders, or hammermills. Noncom- 
bustible materials, if any, may be removed. The 
waste may be dried and then burned, either alone 
or in combination with fossil fuels.

Waste Oils and Tar: Petroleum-based materials 
that are worthless for any purpose other than fuel 
use.

Wind Energy: Energy present in wind motion that 
can be converted to mechanical energy for driving 
pumps, mills, and electric power generators. Wind 
pushes against sails, vanes, or blades radiating from 
a central rotating shaft.

Wood Waste: Wood byproducts used as a fuel. 
Included are limb wood, wood chips, bark, sawdust, 
forest residues, charcoal, and pulp waste.
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